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THE  MOVEMENTS  OF  TLINTS, 


INTKODUGTIOX. 

The  chief  object  of  the  present  work  ia  to  deacribe- 
and  connect  together  severtil  large  clitsscs  of  move- 
mcut,  common  to  almost  uU  pliinta.     The  most  widely 
prevalent  movement  ia  essentially  of  the  same  nature 
as  that  of  the  stem  of  a  climbing  plant,  which  botuU 
successively  to  all  points  of  the  compus3>  so  that  the- 
tip   revolves.      This  movement   has   been   called    by 
Sachs  "  revolving   nutation ;"  but  we   have  found  it- 
much  more  convenient  to  use  the  terms  circumnvtation 
and  dream  n  uiaie.    A s   we  shall  have   to  say  m uch 
about  this  movement,  it  will  be  useful  ht.Te  briefly  to- 
describe  its  nature.    If  we  observe  a  circumnututing^ 
stcm^  which  happens  at   tlu;  time  Ui  be  bout,  wo  will 
say  towards  the  north,  it  will  be  found  gradually  to 
bend  more  and  more  easterly,  until  it  faces  the  east; 
and  so  onwanls   to  the  south,  then  to  the  west,  and 
back  again  to  the  north.     If  the  movement  had  been 
quite  regular,  the  apex  would  have  described  a  circle, 
or  rather,  as  the  stem  is  always  growing  upwards,  n 
circular  spiral,     lint  it  gcnorally  describes  irregular 
elliptical  or  oval   figures;  for   the  apex,  after  |)oin1- 
ing   in    any  one   direction,    commonly   moves    baok 
to  the  opposite   side,   not,  however,  rt^turniug  along 
tlie  same  line.     Afterwards  other   irregular  ellipses 
or  ovals  are  successively  described,  with  their  longei 
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axes  d irected  to  d i fTcren t  poi n  t8  of  lli e  corajiass. 
Whilst  describing  such  figures,  the  apex  often  travels 
iu  a  zigzag  line,  or  makes  small  subordinate  loops  or 
triangles,  lu  the  case  of  leaves  the  ellipses  are 
generally  narrow. 

Until  recently  the  cause  of  all  such  bendiug  move- 
ments was  believed  to  be  due  to  the  increased  gi'owth 
of  the  side  wliich  becomes  for  a  time  convex ;  that  this 
Bide  does  temporarily  grow  more  quickly  than  the 
concave  side  has  been  well  established  ;  but  De  Vriea 
bos  lately  shown  that  such  increased  growth  follows 
a  previously  increased  state  of  turgescence  on  the 
convex  side.*  In  the  case  of  parts  provided  with  a 
so-called  joint,  cushion  or  pulvinus,  which  consists  of 
an  aggregate  nf  small  cells  that  have  ceased  to 
increase  in  size  from  a  very  early  age,  we  meet  with 
similar  movements;  and  here,  as  Pfeffer  bos  shomit 
and  as  wo  shall  see  in  the  course  of  this  work, 
tlie  increased  turgescence  of  the  cells  on  opposite 
sides  is  not  fi>Uowed  by  increased  growth.  Wiesner 
denies  in  certain  cases  the  accurai-y  of  Dh  Vries'  con- 
clusion about  turgescence,  and  maintains  J  that  the 
increased  extensibility  of  the  cell-walls  is  the  more 
important  element.  That  such  extensibility  must 
accompany  increased  tnrgescence  in  order  that  the  part 
may  bond  is  manifest,  and  this  has  been  insisted  on  by 
several  botanists  ;  but  in  the  case  of  unicellular  plants 
it  can  hardly  fail  to  bo  the  more  imporUint  <di'Uient. 
Oi    the  wliolc  wo  may  at  present  conclude  that   in- 
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AeoBed  growth,  first  on  one  side  and  then  oti  another. 
U  a  seoundiiry  eflV^ct,  anil  that  tlie  iucreasud  tiir- 
gescence  of  the  cAU,  together  with  the  extensibility 
of  their  walls,  is  the  primary  cause  ot  the  moveitieiit  nt 
circumnutiition.* 

In  the  course  of  the  present  volume  it  will  be  shown 
tiiai  apparently  every  growing  part  of  every  jitant  is 
continually  circumnutating,  though  often  on  a  small 
scale.  Even  the  stems  of  seedlings  before  they  have 
broken  thmiigl»  the  ground,  as  well  as  their  buriud 
radicles,  circumniitate,  as  far  as  the  pressure  of  the 
surrounding  earth  |H;rmit8.  In  this  universally  pre- 
sent movement  we  have  the  basis  or  groundwork  for 
the. acquirement,  according  t4i  the  requirements  of  the 
plant,  of  the  most  diversified  movements.  Thus,  tlio 
great  sweeps  made  by  the  stems  of  twining  plants, 
and  by  the  tendrils  of  othtT  climbers,  result  from 
a  mere  increase  in  the  amplitude  of  the  ordinary 
movement  of  ciw^umnutation.  The  position  which 
young  leaves  and  otiier  organs  ultimately  assume 
is  acquired  by  the  circumnutating  movement  being 
increased  in  some  one  direction.  The  leaves  of 
various  plants  are  said  to  sleep  at  night,  and  it  will 
be  seen  that  their  blades  then  assume  a  vertical 
position  through  moditied  circumnutation,  in  order 
to  protect  thfiir  upper  surfaces  from  being  chilled 
through  radiation.  The  movements  of  various  orgaua 
to  the  light,  which  are  so  general  throughout  the 
vegetable  kingdom,  auil  oceasionally  from  the  light, 
or  transvei-aely  with  respect   to   it,  are  all  ujoditied 


•  Sec  Mr.  Vinea  oxu-ellenl  <i\* 
euitKioti  (' ArlM-itiiii  dcit  I)<>t.  luntU 
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forms  of  circiimnutation ;  as  aguiu  are  the  equally 
prevalent  movements  of  stems,  &c,  towards  the  zenith, 
and  of  roots  towards  the  centre  of  the  eurih.  In 
accordance  with  these  conclusions,  a  considemblo  difli* 
culty  in  the  way  of  evolution  is  iu  part  removed,  fv.ir 
it  might  have  been  asked,  how  did  all  tlieir  divci-aificd 
movements  for  the  most  diflercnt  purposes  first  arise  ? 
As  the  cose  stands,  we  know  that  there  is  always 
movement  in  progress,  and  its  amplitude,  or  direc- 
tion, or  both,  have  only  to  be  modified  for  the  good 
of  the  plant  in  relation  with  iuteraal  or  external 
stimuli. 

Besides  describing  the  several  modified  forms  of 
circumnutation,  some  other  subjects  will  be  (iiscusged. 
The  two  which  have  interested  us  most  are,  firetly,  the 
liU't  that  with  some  seedling  plants  the  uppermost 
part  alone  is  sensitive  to  light,  and  transmits  an  influ- 
ence to  the  lower  ]>Art,  causing  it  to  bend.  If  there- 
fore the  upper  part  bo  wholly  protected  from  light, 
the  lower  part  may  be  exposed  for  hours  to  it,  and  yet 
does  not  bectime  in  the  least  bent,  although  this  would 
have  oecurred  quickly  If  the  upper  part  had  been 
excited  by  light.  Secondly,  with  the  radicles  of  seed- 
lings, the  tip  is  sensitive  to  various  stimuli,  espe- 
cially to  very  slight  pressure,  and,  when  thus  excited, 
transmits  an  influence  to  the  upper  part,  causing  it  to 
bend  from  the  pressed  side.  On  the  other  hand,  if 
the  tip  is  sulyected  to  the  vapour  of  water  proceeding 
from  one  sidL',  the  upper  part  of  the  radicle  bends 
towards  this  side.  Again  it  is  the  tip,  as  stated  by 
Ciealelski,  though  denied  by  others,  which  is  sensitive 
to  the  attraction  of  gravity,  and  by  transmission  ctuises 
the  adjoining  parts  of  the  radicle  to  bend  towards  the 
centre  of  the  earth.  These  several  cases  of  the  effects 
of    contact,   other    irritants,    vapour,    light,   and    the 


INTRODUCTION. 


Eon  of  ^avity  being  transmitted  from  the  ex- 
lart  for  some  little  disUuico  along  the  organ  in 
question,  have  an  important  bearing  on  the  theory  of 
i&ll  such  movements. 


Tirrmuiologi/.^A  brief  oxplonation  of  somo  terau  which  will 
lie  used,  must  here  be  given.  With  seedlingH,  the  stem  wliich 
supports  the  cotylefJons  (i.e.  the  organs  whicli  represent  the  firnl 
leaves)  baa  be«n  called  by  niauy  botunists  the  hypocotylcdonoua 
stem,  but  for  brevity  sake  we  will  speak  of  it  merely  as  the 
hyyocotyl:  the  stem  iniuiediately  above  tlie  cotyledons  will  be 
ailed  the  ejiicofyl  ot  plu7n.ule.  The  yadiclt  can  bo  distingiiished 
from  the  hypocotyl  only  by  the  presence  of  root-hairs  and  the 
nature  of  its  covering.  The  meaning  of  the  word  circumnt*- 
4ativn  has  already  been  explained.  Authors  speak  of  positive 
and  negativo  hcliotropism,*— that  is,  the  bending  of  on  organ 
to  or  from  the  light;  but  it  is  much  more  convenient  to  confine 
the  word  hlii.tr»]Uf.m  to  bonding  towards  the  light,  ond  to 

^designate  ns  aj hditjtn<pitim  bending  from  the  light.  There  is 
another  reason  for  this  chaugej  for  writers,  as  we  have 
ol)servcd.  occasionally  drop  the  adjectives  juititive  and  urgutive, 
and  thus  iutrodnce  confuHion  into  thuir  discussions,  Diahdio' 
h'oj'i*"^  may  express  a  ]>o!;ition  n:oro  or  less  transverse  to 
the  light  and  induced  by  it  In  like  manner  positive  geotro- 
pism,  or  liending  towards  t)ie  centre  of  tlie  earth,  will  bo 
culled  by  ns  if  Uinpism ;  nftofjtotiopium  will  mean  bending  in 
opposition  to  gravity  or  from  the  centre  of  the  earth;  and  dia- 
jcotrop'nm,  a  position  more  or  less  transverse  to  the  radius  of 
the  earth.    The  words  heliotrupism  and  geotropism  properly 

i  mean  the  act  of  moving  in  i-olatiou  to  the  light  or  the  earth; 

'  but  in  the  same  manner  as  gravitation,  though  defined  as  "the 
Oct  of  tending  to  the  centre,"  is  often  \imd  to  BXpresB  the  cause 
of  a  body  falling,  so  it  will  be  found  convenient  occaBioually  to 

I  employ  heliotropisin  and  geotropism,  &c.,  as  the  cause  of  the 

'  movementfi  in  question. 

The  term  epituuty  is  now  often  used  in  C3ermany,  and  implies 
that  ilio  upper  surfaco  of  un  orgftn  grows  more  quickly  thau  the 
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lower  surface,  and  thus  causes  it  to  bend  downwards.  HyfiO' 
nasty  is  the  reverse,  and  implies  increased  growth  along  the 
lower  surface,  causing  the  part  to  hond  upwards.* 

M-ihoih  of  Obs^  oaf  ion. ~'Vh(t  movcmGnts,  eometimes  very 
sinaU  and  sometimes  considerable  in  o^ctent,  of  tbe  various 
organs  observed  by  us,  were  traced  in  the  manner  which  after 
many  trials  we  found  to  be  best,  and  which  must  be  described. 
Plants  growing  in  pots  wore  protected  wholly  froui  the  hght, 
or  had  light  admitted  from  above,  or  on  one  side  aa  the  cose 
might  require,  and  were  covered  above  by  a  large  horizontal 
sheut  of  glaea,  and  with  another  vertical  tihtet  on  one  tidy.  A 
glass  foment,  not  thicker  than  a  horsehair,  and  from  a  quarter 
to  thi-eo-quartera  of  an  inch  in  length,  was  affixed  to  the  part  to 
b©  observed  by  means  of  shellac  dissolved  in  aleohoi.  The 
aolntion  was  allowed  to  evaporate,  until  it  became  so  thick  tliat 
it  set  hard  in  two  or  three  seconds,  and  it  never  iiijua*ed  the 
tissues,  even  the  tips  of  tender  radick^B,  to  which  it  was  applied. 
To  tlio  end  of  the  glass  filament  an  excessively  minute  bead  of 
black  Bcaling*wax  was  cemented,  below  or  behind  which  a  bit  of 
card  with  a  black  dot  was  fixed  to  a  stick  driven  into  the  ground. 
The  weight  of  the  lUamcnt  waa  ro  slight  that  even  small  leaves 
were  not  perceptibly  pressed  down.  Another  method  of  obser- 
vation, when  much  maguificatiou  of  the  movomout  was  not 
required,  will  presently  l>e  described.  The  bead  and  the  dot 
on  the  card  were  viewed  through  the  horizontal  or  vei'tical 
glaftfi-plato  (according  to  the  position  of  the  object),  and  when 
one  exactly  covered  the  other,  a  dot  was  made  on  the  glasa-plate 
with  a  sharply  pointed  stick  dipped  in  thick  ludiau-iuk.  Other 
dot»  were  made  at  short  iulervals  of  time  and  tbe£e  were  after- 
wards joined  by  straight  linee.  The  figures  thus  traced  were 
therefore  angular;  but  if  dots  had  been  made  every  1  or 
2  minntes,  the  line'?  would  have  been  more  curviUaear,  as 
occurred  when  radicles  were  aliowe<l  to  trace  their  own 
ooiiTseson  smoked  glass-plates.  Tu  make  the  dots  accurately 
was  the  sole  difficulty,  and  required  some  practice.  Nor  could 
this  be  done  quite  accurately,  when  the  movement  was  much 
magnified,  such  as  30  times  and  upwards;  yet  evE?n  in  this 
case  the  general  course  may  l>o  trusted.  To  test  the  accuracy 
of  the  above  method  of  observation,  a  (ilcinieut  was  fixed  to  an 


*  Thme  temiB  are  naeil  in  the 
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tnnaimate  object  which  was  mado  to  uide  along  a  struii^ht 
edge  and  dots  were  repeatedly  tnodo  oa  a  gloss-plate ;  when 
Ihcso  were  joined,  Uio  result  ought  to  have  been  a  i>orfcctly 
Ftmight  lino,  and  tho  line  was  very  nearly  elmigbl.  It  may  be 
fl'lded  that  wlien  the  dot  on  the  card  was  placed  luilf-an-iiich 
below  or  bGliind  the  bead  of  sealing-wax,  and  when  the  glass- 
plate  (supposing  it  to  have  been  properly  curved)  stood  at  a 
distance  of  7  inohos  in  front  (a  common  dibtanceX  then  tho 
tracing  represented  the  movement  of  tlie  bead  magnified  15 
limes. 

Whenever  a  great  increase  of  the  movement  was  not  required, 
another,  and  in  some  reepccta  bettor,  method  of  obfiervation  waa 
followed.  This  consifited  in  fixing  two  nn'niitc  triangles  of  thin 
paper,  about  ^  ioch  in  height,  to  the  two  ends  of  tho  attached 
f;1ass  filament;  and  wlien  their  tips  were  brought  into  a  Hue  so 
that  they  covcre<l  one  another,  dot*  were  mode  as  before  on  tho 
glass-plate.  If  we  suppose  the  glafiR-plale  to  stand  at  a  din- 
tjuioe  of  seven  inches  from  the  end  uf  the  shoot  bearing  the 
filament,  the  dots  when  joined,  will  give  nearly  tlie  same  tlgure 
as  if  B  filament  seven  inches  long,  dipped  in  ink,  iiad  been 
tixcd  to  thu  moving  shoot,  and  had  iuscribod  its  own  conrue 
on  the  plate.  Tho  movement  is  thus  considerably  mMgniHed; 
for  instance,  if  a  sliout  one  inch  in  U^iigth  wwo  bending,  and 
the  gIa!»&-plato  stood  at  the  distjuice  of  seven  inches,  the  move- 
ment would  be  magnified  eight  times.  It  would,  however,  have 
been  very  dilficult  to  have  ascertained  in  each  case  how  great 
a  length  of  the  shoot  was  bending;  and  tliis  is  iudiu]>ensablo 
for  ascertaining  tlte  degree  to  which  the  movement  is  magnified. 

After  dots  hud  been  made  on  the  gloss-plates  by  citlicr  of 
the  above  methods,  they  were  copied  on  tracing  paixir  and 
joined  by  ruled  lines,  with  arrows  showitig  the  direction  of  the 
movement  The  nocturnal  cotirses  are  i-epruseut4.'d  by  straight 
broken  lines.  Tho  first  dot  is  always  made  larger  than  the 
others,  so  as  to  catch  the  eye,  as  may  be  seen  in  tho  diagrams. 
The  figures  ou  the  gloss-plates  wore  often  drown  on  too  large 
n  scale  to  bo  reproduced  on  the  pages  of  this  volume,  and  the 
proportiun  in  which  they  liave  been  reduced  is  always  given.* 
Whenever  it  could  be  approximately  told  how  much  the  move- 
meat  had  been  maguiriud,  this  is  stuted.     Wo  have  perhaps 


*  We    are  much  iDdel>te<I  to 
Mr.  CQO|ier  fur  the  care  with  wliiub 
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introduscd  a  superfluous  number  of  diagrams;  but  tliey  tuks 
up  less  spAcd  than  a  full  dosLU'iptioii  of  the  movomeuts.  Almost 
all  the  sketclios  of  plants  oalocp,  &c.,  wore  carefully  dmwn 
for  lis  by  Mr.  George  Boi'wiu. 

As  shoots,  leavejj,  t&c.,  in  cfrcuin nutating  bend  moi-e  aud 
more,  first  in  one  direction  and  then  in  aiiuther,  tliyy  were 
UGCtssorily  viewed  at  difTereut  times  more  or  less  obliquely ; 
and  as  the  dots  wore  mndo  on  a  flat  surface,  tlio  upjiorent 
atuount  of  movement  is  exaggerated  according  to  tlio  degree 
of  obliquity  of  tlie  point  of  view.  It  would,  thei"efore,  have 
been  a  much  better  plan  trj  have  used  hemispherical  glasses, 
if  wo  hod  possessctl  them  of  all  sizes,  and  if  the  bending  part 
of  the  shoot  had  been  distinctly  hinged  and  could  have  Ix-tiu 
placed  60  as  to  have  formed  one  of  the  radii  of  the  sphere- 
But  oven  in  this  case  it  would  have  been  necessary  afterwards 
to  have  projected  the  figures  on  paper;  so  that  complete 
accuracy  could  not  have  been  attained.  Ftom  tlio  diatortioD 
of  our  figures,  owing  to  the  above  causes,  they  are  of  uo  use 
to  any  one  who  wishea  to  know  the  exact  amount  of  movement, 
or  the  exact  coui'se  pursiietl ;  but  they  serve  excellently  for 
ascertaining  whether  or  not  the  part  moved  at  all,  as  well  as 
the  general  character  of  the  movement. 


In  the  following  chapters,  tlio  movements  of  a  con- 
siderable number  of  plants  are  described ;  and  the 
species  bave  been  arranged  according  to  the  system 
adopted  by  Hooker  in  Le  Maout  and  Decuisne's  *  De- 
scriptive Botany.*  No  one  who  is  not  investigating 
the  present  subject  need  read  all  the  details,  whteli, 
however,  we  have  thought  it  advisable  to  give.  To 
save  the  reader  trouble,  the  conclusions  and  most  of 
the  more  important  parts  have  been  printed  m  larger 
typo  than  the  other  parts.  He  may,  if  ho  thinks  fit, 
read  the  last  chapter  first,  as  it  includes  a  summary 
of  the  whole  volume ;  and  he  will  thus  see  what 
points  interest  him,  and  on  which  ho  requires  the 
fall  evidence. 

Finally,  we  must  hare  the  pleasure  of  returning  oni 
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sincere  thanks  to  Sir  Joseph  Hooker  and  to  Mr.  W. 
Thiselton  Dyer  for  their  great  kindness,  in  not  only 
sending  us  plants  from  Kew,  but  in  procuring  others 
from  seTcral  sources  when  they  were  required  for  our 
observations ;  also,  for  naming  many  species,  and  giving 
as  information  on  various  points. 


Braetica  oleracea,  ciioumnutalion  of  the  radiole,  of  (bo  arolicJ  hypo- 
cotyl  whilst  still  burietibeucatli  tUe  ground.  \\bUit  rifiing  abuve  Ihe 
ground  and  straightening  itselT,  and  wlitii  erect — CirL-uniuutatioti 
of  tlio  cotvlfdoiiE — Bnleof  moTcmont — Aurtlngniig  observations  on 
Tariona  orgrana  io  ipeciea  of  Gitlingo,  Gos&ypium,  Osalis,  Tro- 
jiOBolum,  CitrUi),  JEaculu?,  or  several  I.cgimiinoua  and  Cucurbita- 
ceoDs  gtuBra,  Opimtin,  UelinntliUB,  Primula,  (yyclami  n.  ?tapc'r.a, 
Cerintbe,  Nolana,  Solanam,  Btta,  Uiciuus,  Qucrcus,  Corylua,  IUdus, 
Gyeos,  Guiina,  Alliuni,  Aspamgus,  PlLalLtri^,  Zen,  Avoita.  Ncphrc- 
diuDJ,  and  Belagiuelia, 

The  following  chapter  is  devoted  to  the  circnm- 
Kutating  movements  of  the  radicles,  hypocotyls,  and 
cotyledons  of  seedling  plants;  and,  ivheu  the  coty- 
ledons do  not  rise  above  the  ground,  to  the  movements 
of  the  epi^otyl.  But  in  a  future  chapter  we  shall  have 
to  recur  to  the  movements  of  certain  cotyledons  whicli 
sleep  at  night. 

Brassica  cleracea  (^Cntci/eixe). — Fuller  details  will  be  given 
■with  respect  to  the  movemente  in  tliia  case  tbau  ia  auy  other, 
aa  8j)&ce  and  time  will  thas  ultimately  bo  sayed. 

Radicle. — A  Beed  with  the  radicle  projecting  '05  inch  was 
fastened  with  shellao  to  a  little  plate  of  ziuc,  so  that  the 
radicle  stood  up  vertically ;  and  a  fine  glass  illamout  was  then 
fixed  near  its  base,  that  is,  close  to  the  Bced-coats.  The  secA 
was  Bunroundod  by  litile  bita  of  wot  sponge,  and  the  move- 
ment of  the  bead  at  the  end  of  the  filament  was  traced  (Fig.  1) 
during  sixty  hotirs.  In  this  time  the  radicle  increased  in 
length  from  "05  to  "11  inch.  Had  the  filament  l»een  attached  at 
first  close  to  the  apex  of  tlie  radicle,  and  if  it  could  have  re- 
mained there  all  the  time,  the  movement  exhibited  would  have 
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been  much  greater,  for  at  the  close  of  our  observations  tho  tip, 
instead  of  standing  vertically  upwards,  had  become  bowed 
downwards  through  gootropism,  so  as  almost  to  touch  the  zino 
plate.  As  far  as  we  could 
roughly  ascertain  by  measure- 
ments made  with  compasses 
on  other  seeds,  the  tip  alone, 
for  a  length  of  only  y^  to 
■^  of  an  inch,  is  acted  on 
by  geotropism.  But  the  trac- 
ing shows  that  the  basal  part 
of  the  radicle  continned  to 
drcumnutaie  irregularly  dur- 
ing the  whole  time.  The 
actual  extreme  amount  of 
movement  of  the  bead  at  the 
end  of  the  filament  was  nearly 
-05  inch,  but  to  what  extent 
the  movement  of  the  radicle 
was  magnified  by  the  fil»* 
ment,  which  was  nearly  i  inch 
in  length,  it  was  impossible 
to  estimate. 

Another  seed  was  treated  and  observed  in  the  same  manner, 
but  iho  radicle  in  this  case  protruded  *1  inch,  and  was  not 

Fig.  a. 


Brauca  oteriacea :  circtuDnntaUon  of 
radicle,  traced  on  horizontal  glass 
from  9  A.1I.  Jan.  31st  to  9  p.m. 
Feb.  2nd.  Morement  of  bead  at 
end  of  filament  magnified  aboat 
40  times. 


/^^' 


-n,^ 


\. 


Brtaaioa  oleraeea :  oircnmnutnting  and  geotrnpic  moTement  of  radicle, 
traced  on  horizontal  glass  during  46  hours. 

fastened  so  as  to  project  quite  vertically  upwards.  The  filament 
was  affixed  close  to  its  base.  The  tincing  (Fig.  2,  reduced  hy 
half)  shows  the  movement  from  9  a.m.  Jan.  dlst  to  7  a.h. 
Feb.  2nd;  but  it  continued  to  move  during  tho  whole  of  the 
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2nd  in  ibo  same  general  direction,  and  in  a  similar  zigzag 
manner.  From  the  radicle  not  boing  quite  perpendicular  when 
the  filament  ■was  ofBxcd  gcotropism  cam©  into  plaj  at  onco; 
but  the  irregnlar  zigzag  course  ehowa  that  there  was  growth 
(proliably  preceded  by  turgeacence),  sometimes  on  one  and 
fiometimea  on  another  side.  Occasionally  tho  bead  remained 
stationary  for  abont  an  hour,  and  then  probably  growth  oecnrred 
on  the  side  opposite  to  that  whicb  cansed  tho  geotropic  curva- 
ture. In  the  case  preyionsly  described  the  basal  part  of  tho 
very  short  radicle  from  bcjog  turned  vertically  upwards,  was  nt 
first  very  little  affected  by  gcotropism.  Filaments  wore  affixed 
in  two  other  Lnstauccs  to  rather  longer  radicles  protruding 
obliquely  from  seeds  which  had  been  turned  upside  down;  and 
in  these  cases  the  lines  traced  oa  the  horizontal  glasses  were 
only  slightly  zigzi^,  and  the  movement  was  always  in  the  same 
general  direction,  through  tho  action  of  geotropism.  All  these 
observations  are  liable  to  several  cansea  of  error,  but  we  believe, 
from  what  will  hereafter  be  shown  with  respect  to  the  move- 
ments  of  tho  radicles  of  other  plants,  that  they  may  bo  lately 
trusted. 

Ilt/pocotyl. — The  hypocotyl  protrudes  through  the  Bood-coatH 
as  a  rectangular  projection,  which  grows  rapidly  into  an  arch 
like  the  letter  XJ  turned  upside  down  n  >  the  cotyledons  being 
still  enclosed  within  the  seed.  In  whatever  position  the  seed 
nmy  be  embedded  in  the  earth  or  otherwise  fixed,  Ixjth  legs  of 
the  arch  bend  upwards  through  apogeotropism,  and  thus  rise 
vertically  above  the  ground.  As  soon  as  this  has  taken  place, 
or  even  earlier,  the  inner  or  concave  surface  of  the  arch  grows 
more  quickly  than  the  upper  or  convex  surface;  and  this  tends 
to  separate  the  two  legs  and  aids  in  drawing  the  cotyledons  out 
of  the  biuiod  soed-coats.  By  tho  growth  of  the  whole  arch  the 
cotyledons  arc  ultimately  dragged  from  beneath  the  ground,  even 
from  a  considerable  depth;  and  now  the  hyixrcotyl  quickly 
straightens  itself  by  tho  increased  growth  of  the  concave  side. 

Even  whilst  the  arehed  or  doubled  hypocotyl  is  still  beneath 
the  ground,  it  circumnutates  as  much  as  the  prCFsurc  of  the  sur- 
roundiiig  Koil  will  permit;  but  this  was  difficult  to  observe, 
because  as  soon  as  the  arch  is  freed  from  lateral  pressure  the  two 
legs  liogin  to  separate,  even  at  a  very  early  age,  before  the  arch 
would  naturally  have  reached  tho  surface.  Reeds  were  allowed 
to  germinate  on  tho  surface  of  damp  earth,  and  after  they  hod 
fixed  themaelves  by  their  radicles,  and  after  the,  as  yet,  only 
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slightly  arclicd  hypocotyl  had  bocomo  nearly  vertical,  a  ginsa 
filajiieot  'vas  affixed  on  hro  occasions  noar  to  the  baHO  of  the 
liosal  leg  (i.e.  the  one  in  connection  with  the  nuiiclo),  and  it-s 
movements  were  traced  in  darkness  on  a  horizontal  glasa.  The 
result  was  that  long  lines  wcra  formeil  rtuiuing  in  ucArly  the 
plane  of  the  vertical  arch,  duo  to  the  early  BoiMu-atiou  of  the 
two  legs  now  freed  from  pressure;  but  as  the  lines  were  zigKog, 
showing  lateral  movement,  the  arch  roust  have  been  circum- 
nutating,  whilst  it  was  straightening  itself  by  growth  along  its 
inner  or  concave  surface. 
A  somewhat  different  method  of  observation  was  next  followed : 

Fig.  3- 


■\ 


UMM  vInxKm:  circutiinutatiDg  moremcnt  of  buried  ind  arched  hypfr. 
Cfltvl  (dimljr  illuminnteil  fmin  above),  traced  on  hnriicnnta]  glasit  during 
45  houn.  MoTflniAnt  of  bead  of  ftlnnqnt  mngnified  about  25  tfmes, 
nnd  here  reduced  to  onc-Salf  of  origiual  ooale. 

AS  soon  as  the  earth  with  seeds  in  a  [wt  licgan  io  cmck,  the 
surface  was  removed  in  parts  to  the  dtpth  of  2  inch;  and  a 
filament  was  fixed  to  the  l>n.«al  l<^  of  a  burictl  and  arohod  hypo- 
cotyl, just  above  the  summit  of  the  radicle.  The  cotylodoaa 
nere  still  almost  completely  encloi5od  within  tlio  mnch-cracked 
Bccd-ooats ;  and  these  were  again  covered  up  with  damp  adhesive 
soil  prossod  pretty  firmly  down.  The  movement  of  the  filament 
was  trocod  (Fig.  3)  from  11  a.m.  Feb.  5tli  till  3  a.m.  Fob.  7th. 
By  this  latter  period  the  cotyledons  had  been  dragged  from 
beneath  the  proKsed-down  earth,  bnt  the  nppor  pnrt  of  the 
hypocotyl  still  formed  nearly  a  rifiht  angle  with  the  lower  part 
The  tracing  si  ows  that  the  arched  hypocotyl  tends  at  lliis  early 
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ago  to  circuiEiiiitatc  irrepilarly.  Ou  the  first  day  the  grcatei 
moveuient  (from  right  to  loft  in  tho  fifiurc)  was  not  in  the  plane 
of  tbo  verticnl  and  arched  hj*pocotyl,  but  at  right  angles  to  it,  or  iu 
the  piano  of  iho  two  cotyletlons,  which  were  still  in  clo,se  contact. 
Tho  hnsiil  leg  of  tho  arch  nt  the  time  when  the  filament  wua 
affixed  to  it,  was  already  bowed  coneiderably  l>oiikwarilR,  or 
from  the  cotyledons;  had  tho  fihiincDt  been  affixed  before  this 
bowiug  occurred,  the  chief  movement  would  have  been  at  right 
angloB  to  that  Bhown  in  the  lignro.  A  filament  was  athiched  to 
another  buried  hypocotyl  of  the  same  age,  and  it  uaored  in  a 
similar  general  manner,  but  the  line  traced  was  not  so  cM>mplcx. 
This  hypocotyl  became  almost  straight,  and  the  cotyledons  were 
dragged  from  beneath  the  ground  on  theeveningof  theEeeoiul  day 

Fig.  4. 


y 


Si'vxstca  oferaeea  :  circumnatitlns  inor«in«nt  of  tiorled  And  arched  hypo* 
cotyl,  with  tha  two  legs  of  tlie  Arch  tied  toj^cther,  traced  on  horizonul 
gljiaa  during  33^  houri^  Murcmcnt  of  th4  bead  of  filnm«nt  iimgniScd 
About  26  tiiB«s,  antl  here  reclu:Hi  to  ouc-halfori^anl  wnile. 

Before  tho  nboTe  observations  were  made,  some  arched  hypo- 
cotyls  buried  at  the  depth  of  a  quarter  of  an  inch  were  un- 
covered ;  and  in  order  to  prevent  the  two  legs  of  the  arch 
from  lieginning  to  aeiwrate  at  once,  they  were  tied  together  with 
fine  silk.  This  was  done  partly  becanso  wo  wished  to  ascertain 
bow  long  tho  hypocotjl,  in  its  archetl  condition,  would  continue 
to  move,  and  whetlier  the  movement  when  not  masked  and 
disturbed  by  the  straightening  process,  indicated  circnmnu- 
tation.  Firstly,  a  filamoiit  was  fixed  to  the  liasal  log  of  an 
arched  hypocotyl  close  above  the  summit  of  the  radicla  The 
cotyledons  were  still  jmrtially  enclosed  within  the  seed-coata. 
The  movement  vos  traced  (Frg.  4)  from  9.20  a.k.  od  Doa 
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SSrd  to  6.45  a.v.  oa  Deo.  3oth.  No  doubt  tbo  natural  movo* 
mtiut  was  much  disturlied  by  the  two  legs  baring  been  tied 
tdgetheET ;  bat  vs  soc  that  it  was  distinctly  zigzags  first  in  one 
diraotian  and  then  in  an  almost  opposite  ona  Arter  3  p.m.  ou 
the  34th  the  arched  hypocotyl  sometimes  remainod  stationnry 
for  a  cousidcmblo  time,  and  when  moving,  moved  far  slower  thau 
beloro  Therefore,  on  the  momlDg  of  tho  SSth^  the  glass  fila- 
ment wms  romored  from  tho  liasc  of  the  basal  leg.  and  was  fixed 
hori»Mital1y  on  the  Bummit  of  the  arch,  wliich,  from  the  Ig^ 
faaving  been  tied,  bad  grown  broad  and  almost  flat  The 
QVTvement  was  now  traced  during  23  hoars  (Fig.  5),  nnd  wo 
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ftrasaiea  oleracea:  cirvntnLDtAttng  moT«iQflat  of  thecrovntofa  burieJ  an<l 
whc'l  hjrpocot/I,  \ritli  the  tvro  legs  tift<l  together,  trae«it  od  a  hori- 
x<iDtal  gliut  (Inring  23  hoan.  Moreiueat  of  tht  bead  of  the  fiUmcDt 
magtiifiad  Bboot  63  liuer.  ani  here  reJuced  to  oiut-Kiir  onginal 
■cafa. 

tee  that  the  course  was  still  zigzag,  which  iadieates  a  tendency 
to  cinnimautatioD.  The  base  of  the  basal  leg  by  this  time  lind 
almost  completely  ceased  to  move. 

As  soon  as  the  cotyledons  have  boon  nnturally  dragged  from 
beneath  the  ground,  and  tho  hypocotyl  has  stmightened  itself 
by  growth  along  the  inner  or  concave  surface,  there  is  nothing  to 
interfere  with  the  free  movements  of  the  parts;  and  the  circara- 
nntation  now  becomes  much  more  regular  and  clearly  displayed, 
as  sliown  in  the  following  cases:— A  8eo<lling  was  placed  in 
front  %nd  near  a  north-east  window  with  a  tine  joining  the 
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two  cotyledons  parallel  to  the  window.  It  was  thus  loft  the 
whole  daj  so  as  to  accommodute  itself  to  the  liglit.  On  tlie 
following  morning  a  filament  was  fixed  to  the  midrib  of  the 
larger  and  taller  cot>lo<ion  (which  enfolds  the  other  and  smaller 
one,  whilst  still  within  the  seed),  and  a  mark  l>oing  placed 
close  behind,  the  movement  of  the  whole  plant,  that  ie,  of  the 
hypocofcyJ  and  cotyledon,  was  tmce<i  greatly  magnified  on  a  ver- 
tical glass.  At  ftret  the  plant  bent  so  much  towards  the  light 
that  it  was  nseleas  to  attempt  to  trace  the  movement ;  but  at 
it)  A.II.  heliotropism  almost  wholly  ceased  and  tbo  first  dot  was 

Vig.  6. 


Braatici  oferacen;  eonjmul  ■circumnutfttiou  mf  the  hrpocotyl  nndcotylcdon? 
dui'iog  1.0  hours  45  niiDutcs.  Figure  here  r«<luc«d  toone-half  origitml 
■caltt. 

made  on  the  glass.  The  last  was  made  at  8.45  p.m.;  seventeen 
dots  being  altogether  made  in  this  interval  of  10  h.  45  m  (see 
Fig.  G).  It  should  be  noticed  that  when  I  looked  shortly  after 
4l*.sf,  the  iKJad  was  pointing  off  the  glass,  hut  it  came  on  again 
at  5.30  p.m.,  an'l  the  course  during  this  interval  of  1  h.  30  ra.  has 
been  filled  up  by  imagination,  but  cannot  be  far  from  correct 
The  befld  moved  seven  times  from  side  to  side,  and  thus  de 
Bcritxxi  3i  ellipfics  in  10}  h.;  each  being  completed  on  an 
average  in  3h,  4  m. 

On   the  previous  day  another  seedling  had  been  obeerved 
audor  similar  conditions,  excepting  that  the  plant  was   bo 


Coxr.  L 


BRJkSSlCJL 


17 


plAcod  thai  a  line  joining  the  two  cotylodnns  pointed  townnla 
the  wiadoT ;  and  the  filamont  was  attached  to  tho  BmiiUur  coty- 
ledon on  the  side  furthest  from  the  window.  Moreover,  the 
plant  was  now  for  the  first  time  placed  in  tliis  position.  The 
eritylfiiJoas  bowed  themsolTes  greatly  towards  tho  light  from  8  to 
10.50  JuB.,  when  the  first  dot  was  miulo  (Fig.  7).    During  the 


Britsiea  oleracea  :  conjotal  circum nutation  of  tii9  hypoeotyl  nwl  ootjlcilnnt, 
from  lO.M)  A.M.  to  8  A.u.  on  the  folloirfng  tn'orning.  Tracing  utnAt 
tiD  m  vertical  k'sss. 

next  13  boun  the  bead  swept  obliquely  up  and  down  8  tiniee 
and  described  4  Hgnrca  representing  ellipses;  ro  t}iat  it  travelled 
at  nearly  tho  same  rate  as  in  the  prcvioiiH  case.  During  the 
night  it  raoTed  upwards,  owing  to  the  sleep- mo vomout  of  the 
cotyledons^  and  continued  to  more  in  the  same  direction  till 
9  A.JL  on  tho  following  morning;  but  this  latter  movomont 
vould  not  have  occurred  with  seedlings  under  thoir  natural 
oniulitions  fully  exposed  to  the  light. 
By  D.35  A.M.  on  this  Boruind  day  tho  same  cotyledon  hod 
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bcpin  to  fall,  and  a  dot  was  made  on  a  freah  glnss.  The  move- 
njout  wag  traced  until  5.30  p.m.  as  shown  in  (Fig.  8),  wliich  is 
given,  because  the  couree  followed  was  much  more  irregular 

thiin  on  the  two  previous 
S-  ^-  occasions.    During  these 

8  hours  the  l«ad  changed 
its  course  greatly  10  timea. 
The  upward  movement  of 
the  cotyloion  during  the 
afternoon  and  early  part 
of  the  night  is  hero  plainly 
shown. 

As  the  filaments  wore 
fixed  in  the  three  last 
cases  to  one  of  the  coty- 
ledonp,  and  as  the  hypo- 
cotyl  was  loft  free,  tlie 
tracings  show  the  move- 
ment of  both  orgftns  con- 
joineti ;  and  we  now 
wished  to  ascertain  whe- 
ther both  circumnntatcfi. 
Filaments  were  therefore 
fixed  horizontally  to  two  hypocotyla  close  beneath  the  petioles 
of  their  cotyledons.  These  seedlings  had  stood  for  two  days 
in  the  same  position  before  a  north-east  window.  In  tho  morn- 
ing, up  to  about  11  A.M.,  they  moved  in  zigzag  lines  towards 
the  light ;  and  at  night  thoy  again  became  almost  upright 
through  apogeotropisra.  After  about  11  a.m.  they  moved  a 
little  back  from  the  light,  often  crossing  and  recrossing  their 
former  path  in  zigzag  Line.s.  The  sky  on  this  day  varied  mueh 
in  brightnes3j  and  thcFO  observations  merely  proved  that  the 
hypocotyla  wei-e  continually  moving  in  a  manner  reeembling 
eircmunutation.  On  a  previonH  day  which  was  uniformly 
cloudy,  a  hypocotyl  was  firmly  secured  to  a  little  stick,  and 
a  filament  was  fixed  to  the  larger  of  the  two  cotyledons,  and  its 
movement  was  trncod  on  a  vertical  glass.  It  fell  greatly  from 
8.52  A.m.,  when  the  first  dot  was  made,  till  10.55  a.m.;  it  then  rose 
greatly  until  12.17p.m.  Aflem-ards  it  fell  a  little  and  made  a 
loop,  hut  by  2.22  I'.M.  it  had  risen  a  little  and  continued  risijig 
till  'J.23  P.M.,  when  it  made  another  loop,  and  at  10.30  p.m.  was 
agaiu  rising.    These  observations  show  that  the  cotyledons  rccTa 


Brassica  olst-ncta  •  conjoint  circiimmi Cation 
of  tho  hypocotyl  nml  CHtyleJona  iluring 
8  hiiura,  Fijjurc  hen;  reiluced  to  oae- 
third  of  the  origtonl  iicalc,  na  tra<:«cl  OD  o 
rerticiil  glass. 
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verticaUy  up  and  down  aU  day  long,  and  as  there  was  some 
Blight  lateral  movement,  they  circunmutated. 

The  cabbage  was  one  of  the  first  plants,  the  seedlings  of  which 
were  obeorrcd  by  ns,  and  we  ^,.^    ^ 

did  not  then  know  how  far  '^'    ' 

the  circmnnntation  of  the 
different  parts  was  affected 
by  light  Young  seedlings 
were  tiierefore  kept  in  com- 
plete darkness  except  for  a 
minnte  or  two  during  each 
observation,  when  they  were 
iiiomlDated  by  a  small  wax 
taper  held  almost  vertically 
above  them.  During  the  first 
day  the  hypocotyl  of  one 
changed  its  course  13  times 
(see  Fig.  9);  and  it  deserves 

notice  that  the  longer  axes 

of  the  figures  described  often 

ciosB  one  another  at  right  or 

nearly  right  angles.  Another 

seedling  was  observed  in  the 

same  manner,  but   it    was 

much  older,  for  it  had  formed 

a  true  leaf  a  quarter  of  an 

inch  in  length,  and  the  hy- 
pocotyl was  1|  inch  in  height 

The  figure  traced  was  a  very 

complex    one,    though    the 

movement  was  not  so  great 

in  extent  as  in  the  last  case. 
The  hypocotyl  of  another 

seedling  of  the  same  i^e  was 

secured  to  a  little  stick,  and 

a  filament  having  been  fixed 

to  the  midrib  of  one  of  the 

cotyledons,  the  movement  of 

the  bead  was  traced  during  14h.  15  m.  (see  Fig.  10)  in  darkness. 

It  should  be  noted  that  the  chief  movement  of  the  cotyledons, 

namely,  up-  and  down,  would  be  shown  on  a  horizontal  glass- 

plate  only  by  the  lines  in  the  direction  of  the  midrib  (that  is. 


Brxasica  oteracea :  circQinnatatioD  of 
hypocotyl,  in  darkness,  traced  on  a 
horizontal  glass,  by  menos  of  a  fili\. 
ment  with  a  bead  fixed  across  its 
snmmit,  between  9.15  a.m.  and 
8.30  A.M.  on  the  following  morn- 
ing. Figure  here  reduced  to  one- 
half  of  original  icale. 
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Fig.  10. 


up  and  down,  as  Fig'.  10  here  stands)  being  a  little  lengthened 
or  shorleued;  whereas  any  -lateral  movement  would  bo  well 
oxbibitod.  The  present  tracing  shows 
that  the  cotyledon  did  thus  move  latemlly 
(that  iSj  from  side  to  sido  in  the  tracing) 
12  times  in  the  14  h.  15  m.  of  olsorva- 
tion.  Thei-eforo  the  cotyledons  cciiainly 
circumnntatad,  though  the  chief  movR- 
ment  was  np  and  down  in  a  vertical 
plane. 

Ilaie  of  movement. — Tlio  movements  of 
the  hypocotyls  and  cotyledons  of  seedling 
cablNiges  of  different  ages  have  now  T>ccn 
sufficiently  illnstrated.  With  resi>ect  to 
the  rat«,  sticdliiigs  were  placed  under  the 
uiici*oacope  with  the  etago  removed,  and 
with  a  micrometer  cye-pioce  so  adjusted 
that  each  diviftion  eq^ualled  j^  inch;  the 
plants  were  illuminated  by  light  passing 
tlirough  a  solution  of  bichromate  of  potas- 
sium Bo  aa  to  eliminate  hDhotropism, 
Under  these  circumfitancoRit  was  interests 
ing  to  observe  how  rapidly  the  circum- 
nutating  apes  of  a  eotytedoa  passed  across 
the  divisions  of  the  micrometer.  Whilst 
trivelling  in  any  direction  the  apex  gonorally  oscillatod  back- 
wards and  forwards  to  the  extent  of  -^g  and  sometimes  of  nearly 
j-Jtj  of  an  incli.  These  oscillations  were  quite  diffcreut  from  the 
trembling  cau?od  by  any  disturbance  in  the  same  room  or  by 
the  shutting  of  a  distant  door.  The  first  seedling  obserTcd  was 
nearly  two  inches  in  height  and  had  licen  etiolated  by  having 
been  grown  in  darkness.  The  tip  of  the  cotyledon  passed  across 
10  divisions  of  the  micrometer,  that  is,  ^  of  an  inch,  in  6  m, 
40  a  Short  glass  filaments  were  then  tixed  vertically  to  the 
hypocotylfi  of  several  seedlings  so  aa  to  project  a  little  above  the 
cotyledons.  Urns  exaggemtiug  the  rate  of  movement;  but  only  a 
few  of  the  observations  thus  made  are  worth  giving.  The  most 
remarkable  fact  was  the  oscillatory  movement  above  described, 
and  the  difference  of  rate  at  which  the  point  crossed  the  divi- 
aions  of  the  micrometer,  after  short  intervals  of  time.  For 
iustani^e,  a  tall  not-etiolated  seedling  bad  been  kept  for  14  h. 
in  darkness;  it  was  expcKsed  l>efoie  a  north-east  window  for  <mlj 


Brasatca  oleracoa  :  ci  r- 
cumnutdtion  of  a 
cotyleJou,  the  tiypo- 
cotyl  h&riQg  bteii 
secured  to  a  stick, 
trKoerl  on  a  hnrixon- 
Cal  glass,  in  iltu-k- 
nes,*,  iVoni  8.13  a.M. 
to  I0.3i1  P.M.  Move- 
ment nf  the  hciiJ  of 
tho  61amcut  miigui- 
6ei  13  ti[ne«. 
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two  or  three  minutes  whilst  a  glass  filament  was  fixed  rorticallj 
to  the  hypocotyl ;  it  was  then  again  placed  in  darkness  for  half 
an  hour  and  afterwards  observed  by  light  passing  through 
bichromate  of  potassium.  The  point,  oscillating  as  usual, 
crossed  tire  dirisions  of  the  micrometer  (i.e.  ^  inch)  in 
1  m.  30  s.  The  seedling  was  then  left  in  darkness  for  an  hour, 
and  now  it  required  3  m.  6  s.  to  cr(»s  one  division,  that  is, 
15  m.  30  s.  to  have  crossed  five  divisions.  Another  seedling, 
after  being  occasionally  observed  in  the  back  part  of  a  northern 
room  with  a  very  dull  light,  and  left  in  complete  darkness  for 
intervals  of  half  an  hour,  crossed  five  divisions  in  dm.  in  the 
direction  of  the  window,  so  that  we  concluded  that  the  move- 
ment was  heliotropic.  But  this  was  probably  not  the  case,  for 
it  was  placed  close  to  a  north-east  window  and  left  there  for 
25  m.,  after  which  time,  instead  of  moving  still  more  quickly 
towards  the  light,  as  might  have  been  expected,  it  travelled 
only  at  the  rate  of  12  m.  80  s.  for  five  divisions.  It  was  then 
again  left  in  complete  darkness  for  Ih.,  and  the  point  now 
travelled  in  the  sa^ue  direction  as  before,  but  at  the  rate  of 
8  m.  18  8.  for  five  divisions. 

We  shall  have  to  recur  to  the  cotyledons  of  the  cabbage  in  a 
future  chapter,  when  we  treat  of  their  sleep-movements.  The 
circnmnutation,  also,  of  the  leaves  of  fully-developed  plants 
will  hereafter  be  described. 

F.g.  II. 


0itAago  aegetum:  ciri:umDutation  of  hypocotyl,  traced  on  a  horiiooUl 
glaijs,  by  means  of  a  BlameDt  fixed  transversely  across  its  summit,  from 
8.15  A.M.  to  12.15  P.M.  on  the  following  day.  Movement  of  bead  of 
filament  magnified  about  1 3  times,  here  reduced  to  one-half  the  ori  *inal 
scale. 

Oithago  aegetum  (Caryophyllece). — A  young  seedling  was  dimly 
Qlnminated  from  above,  and  the  circumnutation  of  the  hypo- 
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Fig.  12. 


ooty]  was  observed  during  28  h.,  as  shown  in  Fig.  11.  It  morod 
in  all  directions;  tlie  lines  from  right  and  to  left  in  the  figure 
being  parallGl  U  the  blades  of  llio  cotyledons.  The  actutil 
distanca  travelled  from  &ide  to  side  by  tho  summit  of  tbd 
hypocotyl  waa  about  2  of  an  inch ;  but  it  was  imposRible  to 
be  accurate  on  this  head,  as  the  more  obliquely  the  plant  was 
Tiewed,  after  it  had  moved  for  some  time,  the  more  the  diatancea 
vere  exa^erated. 

We  endeavoured  to  observe  the  eircnmnntatioii  of  the  coty- 
ledons, but  as  tliey  close  together  unless  kept  expo&ed  to  a  mode- 
mtcly  bright  light,  and  as  the  hyp<-'cotyl  is  extremely  heliotropic, 
the  necessary  an-angeiaents  wore  too 
troublesome.  Wo  shall  recur  to  tho  noc- 
turnal or  Blccp-movomcnts  of  the  cotyle- 
dons in  a  future  chapter. 

Gos$t/pium  (var.  Naakin  cotton)  (Mnl- 
vaceas).— The  circumnutation  of  a  hypo- 
cotyl was  obst-rvod  in  tho  hot-house,  but 
the  movement  was  so  much  exaggerated 
that  the  bead  twice  passed  fora  time  out  of 
view.  It  was,  however,  manifest  that  two 
somewhat  irregular  ellipses  were  nearly 
compleletl  in  9  h.  Another  seedliDg, 
14  in.  in  height,  was  then  observed  during 
23  h. ;  but  the  olisorvations  were  not 
mndo  at  sufficiently  short  intervals,  aa 
ahown  by  tho  few  dots  in  Fig.  12,  and  tho 
tracing  was  not  now  sufficiently  enlarged. 
Nevertheless  there  could  be  no  doubt 
about  the  cireumnntation  of  the  hypocotyl,  which  describetl 
in  13  h.  a  figure  representing  three  irregular  ellipses  of  unequal 

■1266. 

The  cotyledons  aro  in  constant  movement  up  and  down  during 
the  whole  day,  and  as  they  offer  the  unusual  case  of  moving 
downwards  late  iu  the  evening  and  in  Ihe  early  part  of  the 
night,  many  ohservations  wore  made  on  them.  A  filament  was 
fixed  along  the  middle  of  one,  and  its  movement  traced  on  a 
vertical  glass;  but  the  tracing  is  not  given,  as  the  hypocotyl 
was  not  secured,  so  that  it  was  impossible  to  distinguish  clearly 
bL-tween  its  movement  and  tliat  of  the  cotyledon.  The  coty- 
letloiis  rose  from  10.30  a.m.  to  about  8  p.m.;  they  then  sank  till 
10  r.u.,  rising,  however,  greatly  in  the  latter  part  of  the  nigkt 


OoS'ipiwA .  circutnnn- 
tatioa  of  hypocotfl, 
trftc«d  nn  n  licrizon- 
tol  rUiss,  from  lOJiO 
AM.  to  &.30  A.U.  OQ 
folloiving  moraing, 
by  mcaQs  of  a  fiLt- 
laeai  iix^i  acrnss 
its  Bumtnit.  Move* 
ment  of  bead  of  fila- 
ment magnified  abnut 
twice;  secJlinf;  illu- 
mtnnted  fj-om  above. 
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The  angles  above  the  horizon  at  which  the  cotyledons  of  ouother 
seodling  atood  at  diflureat  boats  is  recorded  in  the  fbUowiog 
short  table : — 

Oct.  20    2.&Q  PJt zy  abon  borinm. 

»       *-20  „         2-29         „ 

n       5-20  »         l&o 

«     10.40 «' 

Oct.  21     8.44t  A.U 28*"  „ 

H      1115   t,  MO 

„       9.11  I'M.      L0°  below  horizon. 


The  position  of  tlie  two  cotyledons  waa  roughly  sketched  at 
various  bouns  with  the  same  geniTul  result. 

In  the  followiug  suiniuer,  the  bypocotyl  of  a  fourth  EoedliDg 
was  secured  to  a  Ultlu  etick.  and  a  gloss  filament  with  triangles 
of  paper  having  been  fixed  to  one  of  the  cotyledons,  its  move- 
ments were  traced  on  a  vertical  glass  under  a  double  skylight  in 
the  house.  The  first  dot  was  made  at  4.20  p.u.  June  20th ;  and 
the  cotyledon  fell  till  10.15  p.m.  in  a  nearly  straight  line.  Just 
past  midnight  it  was  found  a  little  lower  and  somewhat  to  one 
side.  By  the  early  morning,  at  3.45  a.m.,  it  had  risen  greatly, 
but  by  6.30  A.U.  had  fallen  a  little.  During  the  whole  of  this 
day  (21st}  it  fi>)l  in  a  slightly  zig?:Ag  lino,  but  its  normal  coarse 
was  disturbed  by  the  want  of  suEUcicnt  illumination,  for  during 
the  night  it  rose  only  a  little,  aud  travelled  irregularly  during 
the  whole  of  the  following  day  aud  night  of  Juno  22nd.  The 
ascending  and  descending  lines  traced  during  the  three  days 
did  not  coincide,  so  that  the  movemout  was  one  of  ciroumuutor 
tion.  Tliis  seedling  was  then  taken  back  to  the  hot^house,  and 
after  five  days  was  inspected  at  10  p.m.,  when  the  cotyledons 
were  fouud  hanging  so  nearly  vertically  down,  that  they  might 
jnstly  bo  said  to  have  been  asleep.  On  the  following  morning 
they  hod  resumed  tlieir  usual  horizontal  position, 

OxaliB  rosea  (Oxalidcfo).— The  liyi>oc(>tyl  was  secured  to  a  little 
stick^and  an  extix)mely  thin  glass  fibiment,  with  two  triangles  of 
paper,  waa  attached  to  ono  of  the  cotyledona,  which  was  '15  lieh 
iu  length.  In  this  and  the  following  species  the  end  of  the 
petiolo,  where  united  to  the  blade,  is  developed  into  a  pulvinns. 
The  apex  of  the  cotyledon  stood  only  5  inches  from  the  vertical 
glass,  so  that  its  movement  was  not  greatly  czaggcratorl  as  long 
as  it  remained  nearly  horizontal ;  but  in  tho  course  of  the  day  it 
both  rose  considerably  above  and  fell  beneath  a  liorizontal  posi- 
tion, and  then  of  course  tho  movomeat  was  much  exaggeratod 
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Id 


••to* 


course  is  shown  from  6.-35  a.h.  on  Juno  17tli,  tn* 
7.40  A.M.  on  the  following  mom- 

;■     '  iiig;  find  wo  see  that  during  tho 

claytime,  in  the  coui*sc  of  ]1  h. 
15  m.,  it  travelled  thrice  down 
and  twice  up.  After  5.45  r.ii.  it 
moTed  rapidly  downwards,  and 
in  an  hour  or  two  depended  verti- 
cally ;  it  thus  remained  all  night 
asleep.  This  position  could  not 
be  represented  on  the  vertical 
glass  nor  in  tlie  figure  here  given. 
Cy  6.40  A.H.  on  the  following 
morning  (18tli)  both  cotyledons 
had  risen  greatly,  and  they  con- 
tinued to  rise  until  8  a.m.,  when 
Ihey  stood  almost  horizontally. 
Their  movement  was  traced  dur- 
ing the  whole  of  this  day  and 
until  the  next  morning ;  but  a 
tracing  is  not  given,  as  it  waa 
closely  similar  to  Fig.  13,  oicept- 
ing  that  the  linc.^  wore  more 
zigzag.  The  cotyledons  moved 
7  times,  either  upwards  or  down- 
wards ;  and  at  about  i.  p.m.  the 
great  nocturnal  sinking  movo- 
ment  commenced. 

Another  seedling  was  observed 
in  a  similar  manner  during  nearly 
2-1  h.,  but  with  the  difference  that 
tho  hypocotjl  waa  left  free.  Th© 
movement  also  was  less  magnified. 
Between  8.12  a.m.  and  5  p.m.  oc 
the  18lh,  tho  apex  of  the  cotyle- 
don moved  7  times  tipwards  or 
downwards  (Fig.  14).  The  noc- 
turnal sinking  movement,  which 
is  merely  a  great  increase  of  one 
of  tho  diurnal  oscillations,  com* 
mcnced  about  4  p.k. 
Oaiaik  Vaidiviana.-^ThiB  speciea  is  interesting,  as  the  coty- 
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^xftlit  rc*ea:  circamouution  of 
cotyloiioo*,  the  hypogotyl  b«iiig 
Mcorcd  to  n  stick;  illumiDO- 
tcd  from  abore.  Kiguro  h«ni 
^TCD  o]ie*)iHlt  of  orlglQnl  acale. 
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ledooa  rise  perpeadicularly  upwards  at  niglit  bo  ns  to  come  into 
alose  contuct,  instead  of  sinking  vertically  downwiirfle,  rw  io  the 
ease  of  0.  rosm.  A  glass  fiJamcnt  was  fixed  to  n  cotvlcdon, 
•17  of  an  inch  in  length,  and  the  hypocotyl  woa  loft  free.    On 
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Vxttlts  roseu  :  oinjoiDt  circutnnatatlonof 
Ihe  cotyledons  and  hypototyl,  trnced 
frntn  B.I'J  A.M.  oa  Jutie  ISth  to  7.30 
A.M.  19th.  1lie  fipex  of  the  GOtyleiloa 
Ktood  only  3J  inches  from  the  verticnl 
glua.  Figaro  here  g^rcc  oDe-bnlf  of 
origioal  seals. 


vso" 


9'at  ajk. 

Oxalb  Valdivhiu  t  conjoint 
cirunmnutAtioo  or  b  cotyle* 
doQ  And  the  hy{>ocotyl,  traced 
on  Tertical  glan.  daring  Si 
hours.  Figure  here  ginn 
oQtf-half  of  ortglnftl  tciile; 
B€6dliug  illuniioated  from 
ahuT*. 


the  first  day  the  seedling  was  placed  too  far  from  the  vertical 
pIosB,  tj  that  the  tracing  was  enomiously  exaggerated  and  the 
movement  could  not  bo  traced  Trhcn  tJic  cotyledon  either  rose  or 
sank  much;  but  it  was  clearly  8oeu  that  the  cotyledons  roeo 
thrice  and  fell  twice  lietwccn  8.15  a  u.  and  4.15  p.m.  Early  on 
iliQ  following  morning  (June  lUth)  the  apex  of  a  cotyUdon  vru 
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placed  only  Ij  inch  from  the  vorfical  glass.  At  6.40  a.k.  it 
stood  horizouUlly;  it  then  fell  till  8.35,  and  then  roso.  Al- 
together in  the  couree  of  12  h.  it  rose  thrico  and  fell  thrice,  as 
may  be  seen  in  Fig.  15,  The  great  nocturnal  rise  of  the  coty- 
ledons usualty  commeuces  about  4  or  5  p.m.,  and  on  the  following 
morning  they  are  expanded  or  stand  horizontally  at  aliont  G.30 
A.Jt.  In  the  present  instance,  however,  the  great  nocturnal  rise 
did  not  commence  till  7  p.w.;  but  this  was  due  to  the  hypocotyl 
having  from  some  unknown  cause  temporarily  bent  to  the  left 
Bide,  as  is  shown  iu  the  tracing.  To  ascertain  positively  that 
the  hypo:otyl  circumnutated,  a  mark  was  placed  at  8.15  p.m. 
behind  the  two  now  closed  and  vortical  cotyledons;  and  the 
moToment  of  a  glass  tifamcnt  fixed  upright  to  the  top  of  the 
hypocotyl  was  traced  uutil  1040  km.  Daring  this  time  it 
moved  from  side  to  side,  as  wuU  as  backwards  and  forwards, 
plainly  showing  circummitdtion ;  but  tlio  movement  was  small 
in  extent.  Therefore  Fit;.  15  represenla  fairly  well  the  move- 
ments of  the  cotyledons  alono,  with  the  exception  of  the  on© 
great  afternoon  curvature  to  the  left. 

Oxalis  corniciiiuUi  (var.  cu/*rta).— The  cotyledons  rise  at  night 
to  a  variable  degree  above  the  horizon,  generally  about  45°: 
thoBe  on  some  seedlings  between  2  and  5  daye  old  were  found 
to  be  in  continued  movement  all  day  long;  but  the  movements 
were  more  simple  than  in  the  last  two  species.  This  may  have 
partly  resulted  from  their  not  lx:ing  sufficiently  illaminated 
whilst  being  observed,  as  was  shown  by  their  not  beginning  to 
rise  until  very  late  in  the  evening. 

Oxalis  {Biophytum)  seusitiva. — The  cotyledons  are  highly  re- 
markable fi-om  the  amplitude  and  rapidity  of  their  movements 
during  tho  day.  The  angles  at  which  they  stood  aliove  or 
beneath  the  horizon  were  measured  at  short  intervale  of  time; 
and  we  regret  that  their  course  was  not  traced  during  the  whole 
day.  Wo  vt'ill  give  only  a  few  of  the  measurements,  which  were 
made  whilst  the  seedlings  were  exposed  to  a  temperature  of  224" 
to  SMi"  C.  One  cotyledou  rose  70°  in  11  m. ;  another,  on  a  distinct 
seedling,  fell  80'^  in  12  m.  Immediately  before  this  latter  fall 
the  same  cotyledon  had  risen  from  a  verticuJIy  downward  to  a 
vertically  npward  position  in  I  h.  43  m.,  and  had  therefore  passed  ' 
through  ISO*  in  under  2h.  We  have  met  with  no  other  instanefl 
of  a  circamnutflting  movement  of  such  great  amplitude  as  180° ; 
nor  of  such  rapidity  of  movement  as  the  passage  through  bO"  ia 
12  m.    The  cotyledons  of  ihis  plant  sloep  at  night 'by  rising 
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TcrticaUy  and  cominR  into  clone  coutoct.  This  upward  movo- 
ment  differs  from  oao  of  the  grent  dionml  oscillationB  above 
described  only  by  the  position  being  permanent  during  the  night 
and  by  it«  periodicity,  as  it  always  oomnienees  Into  iu  th« 
cveoing, 

Trojueolum  minus  (?)  (var.  Tom  Thumb)  (Troptooltae).— The 
cotyledons  are  hypogt^an,  or  never  rise  above  the  ground.  By 
removing  the  soil  a  bnricd  epicotyl 
or  plnmnle  was  found,  with  ita 
■nmnui  arched  ahrnptly  down- 
wards, like  the  arched  hypocotyl 
of  the  cablittgo  previously  descril»ed. 
A  glass  filflmeut  with  a  bea<l  at 
its  end  was  affixed  to  tUo  basal  half 
or  \es.  jiifit  above  the  byx>ogean 
cotyledons,  which  were  again  almofit 
surrounded  by  looee  earth.  The 
tracing  (Fig.  16)  shows  the  course 
of  the  bead  during  11  h.  After  the 
last  dot  given  in  the  figure,  the 
bead  moved  to  a  great  distance, 
and  finally  oflT  the  glass,  in  the 
direction  indicated  by  the  broken 
Una  This  great  movement,  duo  to 
increased  growth  along  the  con- 
cave surface  of  the  arch,  was  caused 
by  the  boaal  leg  bending  boclc- 
words  frum  the  upper  part,  that  is 
in  a  direction  op{x>site  to  the  depen- 
dent tip,  in  the  same  manner  as 
occurred  with  the  hypocotyl  of 
the  cabbage.    Aitother  buried  and 

arched  epicotyl  was  oliserved  in  the  same  manner,  excepting 
that  the  two  legs  of  the  arch  were  tied  together  with  fine  silk 
fur  the  sake  of  preventing  the  great  movement  Just  mentioned. 
It  moved,  however,  in  the  evening  in  the  same  direction  as 
before,  but  the  line  followed  was  not  bo  straight.  During  the 
morning  the  tied  arch  moved  in  an  irregularly  circular,  strongly 
Eigzag  COTir«e,  and  to  a  greater  distanco  than  in  the  previous 
caae,  as  was  shown  in  a  tracing, magnified  18  times.  The  move- 
ments of  a  youjig  plaJit  bearing  a  few  leaves  and  of  a  mature 
plant,  will  hereafter  be  described. 


7yop<3N>lum  minus  0)  I  clrcatn- 
outntioD  of  baried  and  nrched 
ci-icotyi,  traced  OD  a  horizoD- 
Ul  glas*,  frcitn  9.20  A.M.  to 
8.15  I'.U.  Mor«mLMil  of  bend 
of  filiiincDt  tnaguified  27 
timM. 
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Citrus  aurantium  (Orange)  (Aurautiacenj). — The  cotyledons 
aro  hypogean.  The  circumiiutatioa  of  an  epicotyl,  which  at  the 
close  of  our  observations  was  00  of  an  inch  (IS  mm.)  in  height 
above  the  ground,  is  shown  in  the  annexed  figure  (Fig.  17),  as 
observed  during  a  period  or  ^h.  40  m. 

Fig.  17. 


Cttrus  aurantium:  circumautatlon  of  epicotyl  with  a  filaiDBot  Gxtd  traii»> 
versely  oenr  iU  apex,  tr.\ce(l  ou  a  liDruontt)!  gl:i»t,  from  12.13  r.u.  on 
Feb.  2'Otli  to  8.55  A.U.  on  'iSDil.  Tho  movement  of  tha  bead  of  the 
filament  was  at  first  magnilieJ  31  tiinci,  or  10.1,  '•*  figure  here  givcD, 
and  sfterwards  3G  time*,  or  18  as  here  given ;  seedling  iliuxQioAtGd 
ttom  above. 


jSHscuIua  hippocastanum  fHippocastanesB). — Germinating  seeds 
were  placed  in  a  tin  Iwx,  kept  moist  internally,  with  a  sloping 
bank  of  damp  argillaceous  sand,  on  which  four  firaoked  glass- 
plates  rested,  inclined  at  angles  of  70°  and  6u°  with  the 
horizon.  The  tips  of  the  radiclet  weru  placed  bo  qjs  just  to 
touch  the  uppor  end  of  the  glass -pi  utes,  and,  as  they  grew 
downwards  they  pressed  lightly,  owing  to  geoti-opiam,  on  tho 
smoked  surfaces,  and  left  tracks  of  their  course.  lu  the  middle 
port  of  each  track  the  glass  was  swept  clean,  but  the  margins 
were  mucii  blurred  and  irregular.  Copies  of  two  of  these  tracks 
(all  four  being  nearly  alike)  were  made  on  tracing  paper  placed 
over  the  glasa-platea  after  they  had  been  varnished ;  and  they 
are  as  exact  as  pL>ssible,  consideriug  the  nature  of  the  margins 
(Fig.  18).  They  suffice  to  show  that  there  was  some  lateral, 
almoet  serpentine  movement,  and  that  the  tips  in  their  dowu- 
wiird  course  pressed  with   unequal   force  on  the  plates,  aa 


Chap.  I. 


VICIA. 


29 


i^ig  IS- 


the  traokfi  varifd  in  breadth.  Tfae  more  perfectlj  serpentino 
trookfl  maJc  by  the  radiclea  of  Pkifeoiut  multiflorus  and  IVcia 
faba  (presently  lo  bo  described),  render 
it  nlmofit  certain  tliat  the  radicles  of 
the  present  plant  circumnutated. 

rhaieoluf'  iHn/('/t/ru»(Legnmmofae). 
— Fotir  smoked  gloss-plates  vere  ar- 
ranged in  tlie  same  manner  oe  des- 
cribed under  ^Isenliuj^and  the  tracks 
left  by  the  tii*s  of  four  radicles  of  the 
preuent  plant,  whilst  growing  down- 
wards, were  photographed  as  trans- 
parent objects.  Three  of  them  are 
hero  exactly  copied  (Fig.  19).  Their 
serpentine  courses  show  tltat  the  lips 
moved  r^nlarly  &om  side  to  aide; 
they  also  pressed  alternately  with 
greater  or  less  force  on  the  plates. 
sometimes  rising  up  and  leading  them 
altogether  for  a  very  short  distance; 
bat  this  wns  better  seen  on  the 
original  plates  than  in  the  copies. 
These  radicles  therefore  were  continually  moving  in  all  direc- 
tions— tbat  is,  they  circumnutated.  The  distance  between  the 
extreme  right  and  left  positions 
of  the  radicle  A,  in  its  lateral 
movementj  was  2  mm.^  as  ascer- 
tained by  measurement  with  an 
eye-piece  micrometer, 

Vicia  /aba  (CommoD  Bean) 
(Lcgumino&s). —  liadkle.  — Some 
beans  irere  allowed  to  germioate 
on  bore  sand,  and  after  one  had 
protruded  its  radicle  to  a  length 
of  '2  of  au  inch,  it  was  turned 
npside  down,  so  tliat  tlie  radicle, 
which  was  kept  in  damp  air, 
now  stood  upright,  A  tilament, 
nearly  an  inch  in  length,  was 
affixed  obliquely  near  its  tip;  and  the  movement  of  the 
tenninal  bead  was  traced  from  8.30  .i.m.  to  10.30  p.m.,  as  shown 
in  Fig.   18,     The  radicle  at  firet  changed  its   course  twioe 


A.  a 

^•C'il*i9  h'ppocatt'invfn  :  oBt> 
lloH  of  tTicki  UfY  OD  in* 
cliiiei)  gInss-platM  by  li|« 
of  raJiclcs.  lo  A  the  jiImW 
wni  tncliacd  at  70°  wiih 
the  horizon,  niid  the  tmliclc 
WU8  1 '  9  luch  \Q  ]t.-ugth,  and 
'2:i  inch  in  diameter  at  bftsa. 
In  B  the  plat«  was  inclined 
\ih^  with  the  horizoD,  and 
the  radicle  vns  s  iride 
larger. 


Tig.  19. 


B. 


C. 


Pfuxtwhu  multifioms ,-  tracks  left 
on  incliucd  stnokcd  ^lasa-pl.-iten 
by  ti]>5  of  rodiclM  in  grovriog 
dowDwanls.  A  and  C,  plate* 
inclined  nt  60°,  B  inclined  at 
68°  wiih  the  horizon. 


Vioia  fahat  circnmnutntlun  of  »  r«iljcle,  at  fint  poiotiDg  Tcrti.'aJly  up- 
wards, kept  iu  (Iftrkuesf.  tmced  OQ  a  horizoDtsI  glass,  doriag  14  hoor^. 
MoretncDt  of  bcfld  of  lilamvat  iUKguined  23  timei,  hert  redaoed  to 
one-buir  of  original  scale. 


mondng,  the  bead  moved  to  a  great  distance  in  a  nearly  straight 
line,  in  the  direction  indicated  by  the  broken  line  in  the  flgnre. 
This  resulted  from  the  tip  bending  qniokly  do\7nwai*ds,  as  it 
bad  now  become  much  declined,  and  had  thus  gained  a  poeitiou 
higlily  faTourable  for  the  action  of  geotropism. 

Fig.  21. 


ij. 


D, 


^ala  fabct ;  tracks  left  on  inclined  Bmoked  gla^-p1at«s.  hj  ti[)8  of  radiclM 
la  growing  downwards.  Vlnta  C  vraa  inclined  at  6:'<**,  platei  A  find  D 
at  71^,  plate  B  at  7d%  and  plate  E  at  a  fetr  degrees  bcncatb  tli« 
honnm. 
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W©  next  cix>erimentod  on  nearly  a  score  of  nuiicles  by  aUowing 
{hem  to  grow  domiwards  over  inclined  plates  of  smoked  glaasi 
in  exactly  the  same  maimor  as  with  ^scnlus  and  Phiueolus. 
Some  of  the  plates  were  inclined  only  a  few  degrees  bcneatli 
the  horizon,  but  moet  of  thorn  between  G0°  and  7o°.  In  the 
latter  cases  the  radicles  in  growing  downwards  were  dcflocfod 
only  a  Utile  from  the  direction  which  they  had  followed  whilst 
gnrminating  in  sawdust,  and  they  pressed  lightly  on  the  gloss- 
plates  (Fig.  21).  Five  of  the  most  distinct  tracks  are  here 
copied,  and  they  are  all  slightly  sinuons,  fihowing  circuumuta- 
tion.  Moreover,  a  close  examination  of  almost  every  one  of  the 
tracks  clearly  showed  that  tho  tips  in  their  downward  conrse 
had  alternately  pressed  with  greater  or  less  force  on  tho  platos^ 
and  had  sometimes  risen  np  so  as  nearly  to  leave  them  for  short 
intervals.  The  distance  between  the  extreme  right  and  left 
positions  of  the  nidicle  A  was  0*7  mm.,  ascertained  in  tlie  same 
manner  as  in  the  case  of  Fhaseolns. 

Epicotyl. — At  the  point  where  the  raflicle  had  protruded  from 
a  bean  laid  on  its  side,  a  flattened  solid  himp  projected  "1  of  an 
incb|  in  tlie  name  horizontal  plane  with  the  bean.  This  protuber- 
ance oonaistcd  of  the  convex  summit  of  the  arohed  cpicotyl; 
and  OS  it  became  developed  the  two  legs  of  the  arch  curved 
themselves  laterally  upwards,  owing  to  aiwgeotropiem,  at  such 
a  rate  that  the  arch  stood  highly  inclined  aft«r  14  h.,  and 
vei-tically  in  48  h.  A  filament  was  fixed  to  the  crown  of 
the  protuberance  before  any  arch  was  visible,  but  the  basal 
half  grew  so  quickly  that  on  the  second  morning  the  end  of  the 
filament  was  bowed  greatly  downwarda  It  was  therefore  re- 
moved and  fixed  lower  down.  The  line  traced  during  Uiese  two 
days  extended  in  the  same  general  dii-ection,  and  was  in  parts 
nearly  straight,  and  in  others  plainly  zigzag,  thus  giving  some 
evidence  of  circumnutation. 

As  the  arched  epicotyl,  in  whatever  position  it  may  be  placed, 
benda  quickly  upwanls  through  apogeotropism,  and  as  tho  two 
lege  tend  at  a  very  early  age  to  separate  from  one  another,  aa 
soon  aa  they  are  relieved  from  the  pressure  of  the  surrotmding 
earth,  it  was  difficult  to  asocrttiin  positively  whether  the  cpicotyl, 
whilst  remaining  arched,  circumnutated.  Tbenifore  some  rather 
deeply  buried  beans  were  uncovered,  and  the  two  legs  of  the 
arches  were  tied  together,  as  had  hcea  done  with  the  cpicotyl 
of  Tropajolnm  and  the  hypocoiyl  of  the  Cabbage.  The  move- 
monts  of  the  tied  arches  were  traced  in  the  usual  manner  on 
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two  ocossioDS  dnriiig  three  days.  But  tho  tracings  made  under 
8ucU  uimatural  conditions  are  not  worth  giving ;  and  it  need 
only  be  said  that  tlie  lines  were  decidedly  zigzag,  and  that 
Bmall  loops  wero  occasionally  formed.  We  may  thtroforc  con- 
clude that  the  cpicotyl  circuraDutatea  whilst  still  arched  aiifl 
before  it  has  grown  tall  enough  to  bi-eak  through  the  surface 
of  the  ground, 

Li  order  to  observe  the  movements  of  the  epicotyl  at  a  some- 
what more  advancod  age,  a  filament  was  fixed  near  the  base  of 
one  which  was  no  longer  arched,  for  its  npper  half  now  formed 
a  right  angle  with  the  lower  half.  This  bean  had  germinated 
on  bare  damp  sand,  and  tho  epicotyl  began  to  straighten  itself 
much  sooner  than  would  have  occurred  if  it  had  been  proporiy 
planted.  The  course  pursued  during  50  h.  (from  9  a.h.  Dec. 
2Cth,  to  11  A.M.  28th)  is  here  shown   (Fig.  22) ;  and  we  see 

Fig.  22. 


X 


Vicia  faha:  cir  cum  natation  of  yoaag  eiiicotyl,  traced  \q  Jarknesa  dnriag 
50  hoara  on  a  liorizoutitl  glass.  Movement  of  bead  of  fibnieiit  mag- 
cidBed  20  times,  here  reduced  to  gnvhalf  of  original  ■u-ale. 

that  the  epicotyl  circumnntated  durmg  the  whole  time.  Its 
basal  part  grew  so  much  during  tho  50  h.  that  the  filament 
at  the  end  of  our  observations  was  attached  at  tho  height  of 
'4  inch  above  the  upper  Burtace  of  the  bean,  instead  of  close 
to  it.  If  tho  beau  had  been  properiy  plantt.d,  this  part  of  the 
epicotyl  would  still  liave  Ijeoo  beneath  the  soil. 

Late  in  tho  eveniug  of  the  2ath,  some  hours  after  the  above 
observations  were  completed,  the  epicotyl  had  grown  much 
straighter,  for  the  upper  part  now  fornifjd  a  widely  open  angle 
with  the  lower  part.  A  filament  was  fixed  to  tlic  upright  basal 
part,  higher  up  than  before,  close  beneath  tho  lowest  scalo-Iike 
process  or  homologue  of  a  leaf;  and  its  movement  was  traced 
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during  88  h.  (Tig.  23).  We  hero  again  have  plain  evidence  of 
oontinaed  circumnntation.  Had  tbo  bean  boen  properly  planted, 
tko  part  of  the  epiootyl  to  which  the  filament  was  attached,  the 

Fig.  23. 


> 


Tiaia  ftiha ;  circumDutattoD  of  the  aaina  iplcotyl  u  in  Pig.  23,  «  IHUe  DMre 
idraDced  Id  ngc,  traced  under  similar  cotuiitiotu  as  before,  TrDin  8.40  A.U. 
l)fc  28tb,  to  10.50  AJi.  30th.      Morimont  of  b«ad  h«r«  ma^uificd 

20  limeA. 

movement  of  wluch  is  hero  shown,  wonld  probably  have  just 
risen  above  the  snrfaeo  of  the  ground. 

Lathtjrut  iiUtolifi  (Legumiaoeie). — This  plant  was  selected  for 
observation  from  being  an  abnormal  form  with  grass-like  leavea 

Fig.  24, 


Lathyrua  nitaoOa:  circumnutntii'ti  of  stom  of  yoUDg  s««dliDg.  tracfll  in 
darkness  (m  a  horizoutnl  gisss,  from  6.45  a.u.  Nov.  22iid,  to  7  a.U- 
23rd.  Morenient  of  rnd  of  leaf  magniSed  about  12  times,  here  re- 
duced lo  ODe-bslf  of  orijjiiial  scale. 

The  cotyledons  are  hypogcan,  and  the  epiootyl  breaks  through 
the  ground  in  an  archod  form.  The  movements  of  a  stem,  1"2 
inch  in  height,  consisting  of  tliree  iiitoruodes,  the  lower  one 
olmoet  wholly  subterranean,  and  the  upper  one  bearing  a  short, 
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narrow  leaf,  is  Bhown  during  2t  h.,  in  Fig.  94.  No  giasR  fllamenfc 
was  CDiijloyed,  but  a  mark  was  placed  Iwiieatli  the  apex  of  the 
leaf.  The  actual  leu^h  of  the  longer  of  the  two  ellipses  de- 
ecribed  by  the  stem  was  about  "14  of  an  inch.  On  the  preriona 
day  the  chief  lino  of  moTemont  was  nearly  a*"  right  angles  to 
that  shown  in  the  present  figure,  aud  it  was  more  Bi'mple. 
Cassia  tora*  (Lc^guminoi^w). — A  seedling  wms  placed  before  a 

Fig.  25 
J** 


S^w 


(JOxii  tor/t:  ooojolut  drcnmnutatioD  of  cotyledons  aod  hjpocoiyl,  tno^d 
on  TPrtical  gla±v  from  7.10  A.u.  Sept.  25t1)  to  7.30  A.3i.  26th,  Fi^r« 
here  giren  reduced  to  one- half  of  onginal  scale. 


*  Becde  of  tliis  plant,  which 
(rrew  ntwr  the  suu-sUle,  vrere  sent 
to  iw  l.y  Fritz  Mttllcr  from  S. 
Brazil,      The  Ht-dlings  die*  not 


floarieh  or  flower  well  with  lu; 
tboy  wcro  sent  to  Kl-w,  and  were 
prououDL-od  Dut  to  bo  diBtingniab* 
able  from  C.  lora. 
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north-eaal  window ;  it  bent  very  little  towards  it,  aa  the  bypo- 
ootyl  which  wafi  loft  free  was  rather  old,  and  thcroforo  not  highly 
heliotropic  A  filamoitt  had  bt>en  fixed  to  the  midrib  of  one  of 
tho  cotyledons,  and  the  movement  of  the  whole  seeflHng  was 
traced  durbg  two  days.  Tho  circiunuutation  of  the  hypocotyl 
18  quite  insigniHcant  compared  with  that  of  the  cotyledons. 
Tlieee  rise  ap  vertk-ully  at  nig)it  and  come  into  close  contact;  so 
tltat  they  may  he  said  to  sleep.  This  seedhng  vran  so  old  that  a 
Tcry  fiDirt!!  tnic  leaf  had  l«en  developoJ,  which  at  night  was 
ODiU])lcteIy  hidden  hy  the  closed  cotyledons.  On  Sept.  24rth, 
between  8  a.m.  and  5  P.M.,  the  rotylcdoiis  moved  five  times  up 
and  five  times  down ;  they  therefore  described  five  irregular 
eUip&es  iu  tho  coarse  of  tlic  9  h.  The  great  nocturnal  rise  oom- 
menced  alxiut  4.^  t.x. 

On  the  following  nioniing  (Sept.  25th)  the  movement  of 
the  same  cotyledon  \\sa  again  traced  iu  the  same  manner 
during  24  h. ;  and  a  copy  of  tho  tracing  is  here  given  (Fig.  25). 
The  morning  was  oold,  and  tho  wiuiiow  had  been  accidentally 
left  open  for  a  short  time,  wliich  mnst  havo  cliilied  tho  plant ; 
and  this  probably  prevented  it  from  moviug  quite  as  freely  us 
on  the  previous  day;  for  it  rose  only  four  and  sank  only  four 
times  during  tho  day,  one  of  the  oscillations  being  very  small. 
At  7.10  A.M.,  when  tho  first  dot  was  made,  the  cotyledons  wero 
notfully  open  orawako;  they  contiiin&d  toojien  tillabout  I)  a.m., 
by  which  time  they  had  sunk  a  little  beneath  the  horizon :  by 
9.30  A.u.  they  h.id  risen,  and  then  they  oscillated  np  and  down  ; 
bat  tho  upward  and  downward  lines  never  quite  coincided.  At 
abont  4.30  km.  the  great  nocturual  rise  commenced.  At  7  a.m. 
on  tho  following  morning  (Sept.  2tjth)  they  occupied  nearly 
the  same  level  as  on  thu  previous  moruiug,  as  shown  in  the 
diagram:  thoy  then  began  to  open  or  sink  in  tho  usual  manner. 
The  diagram  loads  to  tlie  l>cIiof  that  the  great  periodical  daily 
rise  aud  fall  does  not  diJfcr  essentially,  excepting  in  amplitude, 
from  the  oscillations  during  the  middle  of  tho  day. 

L^Jt>'s  Jacob<xu9  (I^guminosto). — Tho  cotyledons  of  this  plant, 
after  tho  few  first  days  uf  thoir  life,  rise  so  as  to  stand  almost, 
though  rarely  quite,  vertically  at  niglit.  They  continue  to  act  tn 
this  manner  for  a  long  time  even  after  the  development  of  some 
of  the  true  leaves.  With  Rcedlings,  3  inches  iu  height,  and  bear- 
ing five  or  six  leaves,  they  rose  al  night  alwut  46''.  They  con- 
tinvicd  to  act  thus  for  about  an  additional  fortnight.  Subset 
quontly  they  remained  h>rizoutaI  at  night,  though  still  grooiij 
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and  at  last  dropped  ofE  Their  riainp  at  night  so  as  to  stand 
almost  Tertically  appears  to  depend  largely  on  tomporature; 
for  when  the  seedlhigs  woro  kept  in  a  cool  honse,  though  they 
still  continued  to  grow,  the  cotyledons  did  not  become  vertical 
at  night.  It  is  remarkable  that  the  cotyledons  do  not  genei-ally 
rise  at  niglit  to  any  conspicnotis  extent  during  tho  first  fonr  or 
five  days  after  germination;  bnt  the  period  was  extremely 
variable  with  seedLings  kept  under  the  same  conditions;  and 
many  were  o'^crved.  Glass  filaments  with  minute  triangles  of 
jtajiLT  were  fixed  to  the  cotyledons  (Ij  nini.  in  breadth)  of  two 
seedlings,  only  24  h.  old,  and  the  bypocotyl  was  secured  to  a 
stick;  their  movements  greatly  magnilicti  were  traced,  and  they 
certainly  circimmutated  the  wliole  time  on  a  small  scale,  but 
they  did  not  exhibit  any  distinct  nocturnal  and  diurnal  move- 
raont.  The  hypocotyls,  when  loft  free,  circnmnutated  oyer  a 
large  space. 

Another  and  much  older  seedling,  hearing  a  half-developed 
leaf,  liad  its  movements  traced  in  a  similar  manner  during  the 
three  first  days  and  nights  of  June;  but  seedlings  at  this  age 
apjKMir  to  be  very  sensitive  to  a  doficiuncy  of  light;  tliey  were 
observed  under  a  rather  dim  skylight,  at  a  temperature  of 
between  16*' to  17i*  C. ;  ami  apparently,  in  consequence  of  these 
conditions,  the  great  daily  movement  of  the  cotyledons  ceoRed 
on  the  third  day.  During  the  first  two  days  they  began  rising 
in  the  early  afternoon  in  a  nearly  straight  line,  until  between 
6  and  7  p.m.,  when  they  stood  vertically.  During  the  latter 
part  of  the  night,  or  more  probably  in  the  early  morning,  they 
began  to  fall  or  open,  so  that  by  6.45  a.m.  they  stood  fully 
expanded  and  horizontal.  They  continued  to  fall  slowly  for 
some  time,  and  during  the  second  day  described  a  singlo 
small  ellipse,  between  9  a.m.  and  2  p.m.,  in  addition  to  tho 
gi"eat  diurnal  movement.  The  coursie  pursned  during  the 
wholo  34  h.  was  far  less  complex  than  in  the  foregoing  case  of 
Cassia.  On  the  third  raoming  they  fell  very  much,  and  then 
circnmnutated  on  a  small  scale  round  the  same  spot ;  by  8.iX) 
r.M.  tliey  showed  no  tendency  to  rise  at  night.  Nor  did  the 
cotyledons  of  any  of  the  many  other  seedlings  in  the  same  pot 
rise ;  and  so  it  was  on  the  following  night  of  Jnne  5th.  The 
pot  was  then  taken  back  into  the  hot-honse,  where  it  was  exposed 
to  the  Biin,  ttnd  on  the  succeeding  night  all  the  cotyledons  rose 
again  to  a  high  angle,  but  did  not  stand  quite  vertically.  Ob 
each  of  the  above  days  the  line  representing  the  great  nocturnal 
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rise  did  not  ocdncddc  witL  thai  of  tlio  great  diuirnal  fall^  m  tliat 
narrow  ellipses  were  described,  as  is  the  usual  rule  with  cireum- 
nutating  organs.  The  cotyledons  ore  provided  with  a  pulvinua, 
ttud  ita  development  will  hereafter  bo  described. 

Mimom  pudica  (Leguminoese). — The  cotyledons  rise  np  verti- 
cally at  night,  so  as  to  close  together.  Two  seedUngs  were 
observed  in  the  groenhouso  (temp.  16"  to  17*0-  or  eS^toeS*  F.V 
Their  hypoeotyls  were  secured  io  sticks,  and  glass  filaments 
bearing  Uttlo  triangles  of  i-iaper  were  affixed  to  the  cotylwlons  of 
both.  Their  mcrements  were  traced  on  a  vertit'al  gloss  during 
24  h.  on  November  13th.  The  pot  hod  stood  for  some  time  in 
the  same  position,  and  they  were  cliiefly  illuminated  through 
the  glass-roof.  The  cotyledons  of  one  of  those  sieJIings  moved 
downward  in  the  morning  till  11.30  a.m.,  and  then  ruse,  moving 
rapidly  in  the  evpniug  until  they  stood  vertically,  so  that  in  this 
case  there  was  simply  a  single  great  daily  fall  and  rise.  The 
other  Boediing  behaved  rather  differently,  for  it  foil  in  the  morn- 
ing until  11.30  a.m.,  and  then  rose,  but  after  12.10 1'.M.ngain  fdl; 
and  the  great  evening  rise  did  not  begin  until  1.2-2  p.m.  On  the 
following  morning  this  cotyledon  ha<i  fallen  greatly  from  ite 
Tertical  position  by  8.15  a.m.  Two  other  stodlings  (one  seven 
and  the  other  eight  days  old)  had  been  previously  oliacrved 
nnder  unfavourable  circumstances,  for  Uiey  hod  been  brought 
into  a  room  and  placed  before  a  norlh-east  window,  where  the 
temperature  was  between  only  56°  and  57°  F.  They  had,  more- 
over, to  he  profocted  from  lateral  light,  and  perhaps  were  not 
Bnfficiontly  illuminated.  Under  these  circumf-tances  the  coty- 
ledons moved  simply  downwards  from  7  a.m.  till  2  p.m.,  after 
which  hour  and  during  a  large  part  of  the  night  they  con- 
tinued to  rise.  Between  7  and  8  a.m.  on  the  following  morning 
Ihey  fell  again;  but  on  this  second  and  likewise  on  the  third 
day  the  moveinents  became  irregular,  and  between  3  and  10.30 
P.M.  they  circumnutated  to  a  email  extent  about  tho  same  spot; 
but  they  did  not  rise  at  night.  Nevertheless,  on  the  following 
night  they  rose  as  nsnal 

Cylisusfmgrans  (Legnminosffi). — Only  a  few  obseiTationa  were 
made  on  this  plant  The  hypocotyl  circumnutated  to  a  con- 
sideruble  extent,  but  in  a  simple  manner — namely,  for  twc  liours 
in  one  direction,  and  then  much  more  slowly  back  again  in 
a  zigzag  course,  almost  parallel  to  the  first  lino,  sod  beyond  the 
etarting-|)oint.  It  moved  in  the  same  dii-ection  all  night,  but 
next  morniug  began  to  return.     The  cotyledons  continually 
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move  both  up  and  dowa  and  laterally;  but  they  do  not  lise  op 
at  night  in  a  conspicuous  manner. 

Lupinus  luieus  (Legiiminoeaj). — Seedlings  of  this  pl'int  were 
obfierTed  because  the  cutylcdouB  ore  so  thick  (about  OB  of  ou 
inch)  that  it  eeemed  nnlikoly  that  tlicy  would  move.  Our 
observations  woro  not  Tcry  euccessful,  as  tho  Bcedlinge  are 
Btrongly  htsliotroplG,  and  tlieir  circumnutatiou  could  not  l»o 
accui'ately  observed  near  a  north-caat  window,  although  they 
had  been  kept  during  iho  previous  day  in  tho  same  position. 
A  seedling  was  then  placed  in  darkness  with  tho  hypocotyl 
secured  to  a  etick;  both  cotyledons  rose  a  littlo  at  first,  and 
then  fell  during  the  rest  of  tlio  day;  in  the  evening  bttween 
5  and  6  i-.M,  they  moved  very  slowly;  during  the  night  one 
continued,  to  fall  and  tho  other  rose,  though  only  &  little.  Tho 
tracing  was  not  much  niagiiifitd,  mid  as  the  lines  were  plainly 
zigzag,  tho  colylcdona  must  have  moved  a  little  laterally,  that 
is,  tbey  must  have  circumnutated. 

The  hypocotyl  fs  rather  tliiok,  about  12  of  inch ;  nevertheless 
it  circumnuiated  in  a  complex  coarse,  though  to  a  small  extent 
The  movement  of  an  old  seedling  with  two  true  leaves  partially 
developed,  was  obeerved  in  the  dark.  As  t}ic  movement  was 
magnified  about  100  times  it  is  not  trustworthy  and  is  not 
given;  but  there  euuld  bo  no  doubt  that  the  hypocotyl  moved 
in  all  directions  during  the  day,  changing  its  course  19  times. 
The  extreme  actual  disitauee  from  side  to  side  tlirough  which 
the  upper  part  of  tho  hypocotyl  passed  in  the  course  of  Uj  houra 
was  only  ^  of  an  inch ;  it  sometimes  travelled  at  the  rate  <ii 
^  of  an  inch  in  an  hour. 

Cuoirbita  ov^era  (Cucurbitaceaj).^7?adiye ;  a  seed  which  had 

Kg.  26. 


Vu 


Cucurbitaov-fera:  course  followed  by  i  radicle  in  bending  gcotropirailty 
downwanbi,  traced  on  a.  horizontal  glass,  Wtweea  ll.^ii  AM.  and  10.35 
KK. ;  the  dii^rttoD  during  the  night  is  indicated  by  tho  brokcD  lice. 
UoTctneDt  of  bead  mngnifiad  14  timfis. 

germinated  on  damp  sand  was  fixed  so  that  the  slightly  curved 
radicle,  which  was  only  '07  inch  in  length,  stood  almost  vertically 
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apwRrds,  in  wliicli  position  Reotrnpism  wonid  act  nt  fir?l  witti 
liltle  power.  A  filament  was  ftttncliet]  near  to  its  lia^,  and 
projtcleil  ttt  »lM>ut  an  anplo  of  45°  a^vo  tlio  horizon.  Th« 
general  com-fic  followed  during  the  11  hours  of  oliscrvation  autl 
(luring  the  following  niRht,  is  shown  in  Ifio  accompanying 
diagmm  (Fip.  26),  and  was  plainly  dne  to  gcotropisni ;  bnt  it 
was  also  clear  tlmt  the  rodiclo  circnmnntatcd.  By  the  next 
ninruing  tho  tip  had  curved  so  mnch  downwnriN  llmt  Iho  filn- 
niont,  instead  of  projecting  at  45^  above  the  horizon,  was  nearly 
liorizontaL  Anotlic^r  ^crminnting  Kec<)  wa<i  tnrncd  u[)siile  do^Tn 
and  covered  with  damp  Siind;  and  a  lilnmctit  was  fnKtonod  to 
the  radicle  so  as  to  project  at  an  angle  of  al>ont  50^  above  tlie 
horizon ;  this  radicle  was  '35  uf  au  inch  in  length  and  a  Uttio 
curved.  Tho  course  pm-sucd  waa  mainly  povcrnod,  as  in  tho 
last  case,  by  gcotropism,  but  the  lino  tracfni  durinj:  12  houra  and 
magnitied  as  before  was  more  strongly  zigzag,  a^iuu  shuwiug 
circnmnntAtion. 

Four  radicles  were  allowed  to  grow  downwards  o^er  platca 
of  smoked  glass,  incliued  at  70°  to  the  horizon,  under  tha 


Fig.  27. 
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A.  B. 

(Scurifitii  on'feri:  tracks 
left  by  tt|Hi  of  rnElirlrs 
In  grunixie:  downn-ards 
orer  antoked  glass- 
plates,  inclined  at  TU° 
in  the  horieiiD, 


Cttinrfti'ii  ov'f'Tii  ■  rircumnat*- 
tion  of  urchetl  hrjkocotrl  li 
%  Tcrj*  enrly  agp,  trnccil  in 
diirknc.*8on  n  hririxnntnl  t^lius, 
from  8  A.M.  to  Iei.'.20  a.m.  on 
tlicrrtllovviiig  day.  Tliir  ihqtc- 
meiit  (if  the  lead  m.npnified 
20  times,  here  reiiured  to  oae> 
hnlfof  uri^iaal  scale 


■nme  conditions  as  in  the  cases  of  iEscnlns,  Pha'-eolnB,  and 
Vicia.  Facsimiles  are  liere  pven  (Fi^-  27)  of  two  of  those 
tractffi;  and  a  third  short  one  was  almost  as  plainly  serpentine 
as  that  nt  A.  It  was  also  manifest  by  a  greater  or  less  nnKmut 
of  mot  having  been  swept  off  the  glasses,  that  the  tips  had 


w 


CIKCUMNUTATION  OF  SEEDLINGS.        Chap.  L 


r.g.  29, 


preesed  altgmately  with  greater  and  less  force  on  them.  There 
must,  therefSVe,  have  been  movement  in  at  least  two  planciis  at 
right  angles  to  one  another.  These  radicles  were  so  deh'cate  Uiat 
they  rarely  had  the  powe/to  sweep  the  glasses  quite  clean.  On« 
of  them  hati  developed  some  lateral  or  secondary  rootlets,  which 
projected  a  few  degrees  beneath  the  horizon ;  and  it  is  an  im- 
portant fact  tliat  three  of  them  left  distinctly  Berpentino  tracks 
on  the  smoked  snrface,  showing  Ijeyond  doubt  that  tliey  had 
circnmnntated  like  the  main  or  primary  iHdicIa  But  the 
tracks  were  0b  slight  that  they  could  not  t>e  traced  and  copied 
after  the  smoked  anrface  had  been  ramished. 

J.'ypxtutyl. — A  seed  lying  on  damp  sand  was  firmly  fixed  by 
two  crossed  wires  ami  by  ita  own  gi'owinjf  radicle.  The  cotyle- 
dons were  still  enclosed  within  the  seed-coats;  and  the  short 

hypocotyl,  between  the  summit  of 
the  nicliclo  and  the  cotyledona, 
was  as  yet  only  slightly  arched.  A 
tilamont  (-S-S  of  inch  in  length) 

/^_,^  was  attached  at  an  angle  of  35*" 

^i^  above  the  horizon  to  the  aide  of 

"v  the    arch    adjf»iiiing    the    cotyle- 

dons. This  part  would  ultimately 
form  the  upper  end  of  the  liyii-o- 
cotyl,  after  it  had  grown  straight , 
anil  vei-tical.  Had  the  seed  l>eon 
properly  planted^  the  hypocotyl  at 
this  stage  of  growth  would  have 
been  deeply  buried  beneath  the 
Burfaco.  The  course  followed  by 
the  bead  of  the  filament  is  shown 
in  Fig.  28.  The  chief  lines  of 
movement  from  left  to  right  in  the 
iU  upper  eiiJ.traeeil  indurk-  figure  were  parnUel  to  the  plane 
DBitS   on    a    horizontal   class,       ^  .<       .  -i.  j        i   i    i  j 

(T.m  b.30  A.M.  to  8.3oS-.m:  o(  the  two  umt.^  cotyledons  and 
of  the  flattened  seed;  ard  this 
movement  would  aid  in  dragging 
them  out  of  the  seed-coats,  which 
are  hc4d  down  by  a  special  struc- 
tnre  hereafter  to  be  dc.8cril»ed.  The  movement  at  right  angles 
to  the  alxjve  lines  was  due  to  the  arched  hypocotyl  becoming 
more  archcil  as  it  increased  in  ht-ight.  The  foregoing  observa- 
tions apply  to  the  leg  of  the  aroh  next  to  ihe  cotyledons,  but 


Cwru'-btta  ovife-a:  cir.-wrniiutii- 
tiun  of  ■tmight  anJ  rerti- 
cal  hjipocotyl,  with  lilanicnt 
faaUinttil    trausvcrselv    acmss 


The  movement  ff  the  (enniiial 
twuJ  originally  magnilie'd 
aboDt  11^  timed,  here  ouly  4^ 
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the  other  leg  tAjoiaing  the  radicle  lihcwiee  cm:nuuiufatcd  At  ihi 
equAlly  early  a^. 

The  mortiinont  of  tbe  R&me  hypoootyt  after  it  had  be<^otne 
straight  and  vertical,  bat  with  tlie  cotjIeJous  only  partially 
expanded,  i&  shown  in  Fig.  29.  Tlio  coarse  pimracd  during  i^  h. 
apparently  represents  fonr  and  a  half  ellipecs  or  ovals,  with 
the  longer  axis  of  the  first  at  nearly  ri^'ht  tirgles  to  that  of  the 
others.  The  longer  axes  of  all  were  oblique  to  a  line  joining 
the  opposite  cotyledons.  The  actual  extreme  distanoo  from 
fiido  to  side  over  which  the  Bumtnit  of  tho  tall  hypocotyl 
]ULSflcd  in  the  course  of  12  h.  was  '38  of  an  inch.  The  original 
figure  Wft8  tracod  on  a  large  Hcale,  and  from  the  obliquity  of 
the  line  of  view  t!io  outer  parta  of  tlte  diagram  arc  much 
exaggerated, 

Cotyledom. — On  two  occasions  the  movements  of  t]\e  cotylo- 
dona  were  traced  on  a  yerttcttl  g]a»»,  and  as  the  o&ocnding  and 
dcsoending  lines  did  not  quite  coincide,  very  narrow  (•lIlpsoB 
were  forme<l;  they  Ihcitifore  circumnutatcd.  Wliil»t  young 
they  rise  Tortically  np  at  nighty  hat  their  tips  always  remain 
reflcxed;  on  the  following  morning  they  sink  dtiwn  nguin.  With 
a  seedling  kept  in  complete  darkness  they  moved  in  tho  samo 
manner,  for  they  tuink  from  R'lo  a.m.  to  4.30  p.m.  ;  they  then 
began  to  rise  and  remained  close  togother  until  10  i-.m.,  when 
they  were  last  observed.  At  7  a.m.  on  the  following  morning 
they  were  as  mnch  expanded  as  at  any  hour  on  tho  previous 
day.  The  cotyledons  of  another  young  seedling,  exposed  to  the 
bght,  were  fully  open  for  the  first  time  on  a  certain  day,  but 
were  found  completely  closed  at  7  a.m.  on  the  following  morning. 
They  soon  began  to  exjiand  again,  and  conlinued  doing  ro  till 
about  5  p.m.;  they  then  liegan  to  rise,  and  by  10.30  p.m.  stood 
vertically  and  were  almost  tiloi^eii.  At  7  a.m.  on  the  third  morn- 
ing they  wore  nearly  vertical,  and  again  exjwindel  during  the 
day;  on  the  fourth  morning  thoy  were  not  closod,  yet  they 
npouod  a  little  in  tho  course  of  tho  day  and  rose  a  little  on  the 
following  night.  By  this  time  a  minute  true  leaf  had  bccomo 
doToloped.  Another  seedling,  still  olde r,  bearing  a  well-developed 
leaf,  had  a  sharp  rigid  filament  affixed  to  one  of  it«  cotyledons 
(85  mm.  in  length),  which  recorded  its  own  movemenls  on 
a  revolving  drum  with  smoked  paper.  The  obijcrvatlons  were 
made  in  the  hot-house,  where  the  plant  had  lived,  so  that  there 
was  no  change  in  temperature  or  light.  Tho  record  commtcced 
At  11  A.ij.  on  Febroary  Itith;  and  jjom  this  hour  till  3  p.m.  thfl 


i2 


CIBCiniyUTATION  OF  SEEDLINGS.        Cbav.  I. 


ootyleiJon  fell;  it  then  rose  rapidly  till  9  p.m.,  tlicn  Torjr 
gmUually  tiH  3  a.m.  February  19tli,  after  which  hoiu  it  sauk 
Kradnnlly  till  4.30  p.m.;  but  the  downwurti  iiiovcm'jnt  was  iuter- 
ruptetl  by  one  slight  rise  or  oscillation  about  l.ItO  p.m.  Aft«i 
4.30  p.m.  (19th)  the  cotylotlon  rosu  till  1  a.m.  (in  the  night  of 
Ftjbriiary  20th)  and  then  sank  very  gradually  till  9.3ti  a.m., 
when  our  otiscrvations  ceased.  The  amount  of  movement  waa'4 
greater  on  the  It^th  than  on  tho  lOth  or  ou  tlie  morutng  of' 
the  20th. 

Oiicurbiia  attrai'iia.^An  arched  hypocotyl  was  found  buried  a 
little  l>eneath  the  surface  of  the  soil;  and  in  order  to  prevent  it 
stniightening  itself  quickly,  wlien  relieved  from  the  surrounding 
pressure  of  the  soil,  the  two  legs  of  the  arch  were  tied  together. 
Tho  seed  was  then  lightly  covered  with  loose  damp  cuiih,  A 
filament  with  a  bead  at  the  end  was  affixed  to  the  basal  leg,  the 
movements  of  wliJch  were  observed  dniing  two  days  in  the 
usual  manner.  Od  the  lirsb  day  tho  arch  moved  in  a  zigzag  line 
towards  tho  side  of  tho  b^sal  leg.  Ou  the  next  day^  by  which 
time  the  dependent  cotyledons  had  been  dragged  above  the  sui^ 
faro  of  tho  soil,  the  tied  arch  changed  its  course  greatly  ujuo 
times  in  the  course  of  14^  h.  It  swept  a  largo,  extix;mely  irre- 
gular, circular  figure,  returning  at  night  to  nearly  the  eiimo 
spot  wheucB  it  liad  started  early  in  the  morning.  The  line  was 
so  Bti'ongly  zigzag  that  It  apparently  reproRented  five  ellipses,  with 
their  longer  axes  pointing  in  various  directions.  With  respect 
to  the  periodicnl  movements  of  the  cotyledons,  thofie  of  several 
young  eeedlings  formed  together  at  4  p.m.  an  angle  of  about  60*, 
and  at  10  p.m.  their  lower  parts  eloud  vertically  and  were  in 
contact ;  tlieir  tips,  however,  aa  la  nfiiial  in  the  genua,  were  jwr- 
manenlly  rctlcxed.  These  cotykidons,  at  7  a.sj.  on  the  following 
morning,  were  again  well  expanded. 

tayevan'a  vu^f/uria  (var.  minialtire  Bottle-gourd)  (Cuenrbi- 
taceae). — A  seedling  opened  its  cotyledons,  the  movements  of 
which  were  alone  observed,  slightly  on  Jane  '27th,  and  closed 
them  at  niglil:  next  day,  at  noon  (28th),  they  included  aa 
angle  of  53°,  and  at  10  [-.m.  they  were  in  close  contact,  so  that 
each  had  risen  aCi**.  At  noon,  on  tho  29th,  they  included  an 
angle  of  118",  and  at  10  p  m  an  angle  of  54**,  so  each  hod 
risen  3'J°.  On  the  following  day  they  were  utill  more  open,  and 
the  noctiu-nal  rise  was  greater,  but  the  angles  wore  not  measured. 
Two  other  seedlings  were  observed,  and  behaved  dm-ing  threa 
days  in  a  closely  similar  manner.    The  cotyledons,  tbera(bn« 


CaAT.  L 


ODCUHLtTA. 


Pif.  30. 


Dpeu  moie  and  mOTQ  on  each  succecKling  day,  and  riso  each 
night  about  30°;  consequently  during  the  first  two  nights  of 
their  life  the;  stand  vertically  and 
come  into  contact. 

In  order  to  ascertain  more  ac- 
cnrately  the  n&turo  of  these  iiiove- 
Bionts,  the  hypoeotyl  of  a  eoodling, 
viili  itB  cotyledons  well  expanded, 
vns  socurcd  to  a  little  stick,  and  a 
filament  with  triangles  of  paper 
was  affixed  to  one  of  the  cotyledons. 
Xho  observatious  wero  mode  under 
a  rather  dim  eltylight,  aud  the 
temperature  during  the  wholo  time 
VB8  between  17i°  to  Ib'^  C.  (t33°  to 
65°  F.)'  ^^  the  tompei-aturo  been 
higher  and  the  Ught  brighter,  the 
movements  would  probably  have 
been  grcator.  On  July  11  th  (see 
Fig,  itU),  the  cotyledon  fell  frum 
7.35  A.M.  till  10  A-M. ;  it  then  rose 
(rapidly  after  4  p.m.)  till  it  stood 
quite  vertically  at  8.*10  r.M.  During 
the  early  morning  of  the  neit  day 
(12th)  it  fell,  and  continued  to  fall 
till  ti  A  M.,  after  which  hour  it  rose, 
then  fell,  and  again  roBo,Bo  that  by 
10.35  i'.3f.  it  stoo:!  much  higlior  than 
it  did  in  the  morning,  but  was  not 
vertiL-al  as  on  the  preceding  night 
Ijuxing  the  following  early  morn- 
ing and  whole  day  (13th)  it  fell  iiiid 
cironmnutaicd,  hut  had  not  ri^u 
when  observed  late  in  tlie  evening; 
and  this  watt  j)rol>ahIy  duo  to  the 
deficiency  of  beat  or  light,  or  of 
both.  We  thus  see  that  tho  coty- 
ledons became  moi'c  widely  open  at 
noon  on  each  Buccoeding  day ;  and 

that  they  rose  considerably  each  night,  though  not  acquiring 
a  vertical  position,  except  during  the  lirKt  two  nights. 

Cvcumia  duduim  (Cuearbitoccffi). — Two  aeedUngs  had  oponod 


e*ta'a.m 


io-ao'p.*^ 

La^i-narii  v>t!g<triii  circuiDni^ 
lati'iD  of  ■  cotrlcrlon,  ]| 
inch  in  length,  apci  only  4} 
inches  Troni  Ihc  vcrticAl  gUss, 
on  which  its  moveroeiitji  weie 
traced  from  7.33  A.U.  July 
llth  to  0.5  A.H.  on  the  14th. 
Figure  Iier«  gir«a  reduc-eil 
tu  oD«-thlrd  of  original  scale. 
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rig.  31. 


kheir  cotyledons  for  the  first  time  <1uriug  the  day, — odo  to  the 
BXtfnt  of  90°  and  tbo  otlier  rather  more;  they  reuiaiaed  iq 
uearly  the  same  poeitiou  uutiL  10 10  r.u  ;  but  by  7  A  ».  on  tlie 
following  morning  the  one  which  had  been  iireviously  c^u  lo 
the  extent  of  ^0°  had  its  cotyledons  vertical  uod  completely 
shut ;  the  other  aetdling  Iiad  them  nearly  shut  Later  in  the 
uionting  they  opened  ia  the  ordinitry  uinnucr.  It  appcais 
therefore  thnt  the  cotyledons  of  this  plant  close  and  open  at 
somewhat  different  |>erioda  from  thoee  of  the  foregoing  species 
of  the  allied  genera  of  Cucurbita  and  Lngenaria. 

Opuutia  batihrit  (Cacte«).— A  seedling  waa  carefully  oIj- 
served,  bucattae  considering  ita 
appearance  and  the  nature  of  the 
mature  plant,  it  seemed  very  iid- 
likely  thnt  either  the  hypocotyl  or 
cotyledons  would  circnmnutate  to 
an  appreciable  extent  The  coty- 
ledons were  well  develoiied,  being 
•y  c4"  an  inch  in  length,  '22  in 
breadth,  and  *  15  in  thickness. 
Tlie  alinijst  cylindrical  hypocotyl, 
now  bearing  a  minute  spinons  bud 

/nn  its  snmiuit,  was  only  '46  of  an 
inch  in  height,  and  '19  in  dia- 
meter. The  tracing  (Fig-  31)  shows 
the  combined  movement  of  the 
hypocotyl  and  of  one  of  the  coty- 
ledons, from  4.45  p.m.  ou  May  28th 
to  U  A  M.  on  the  Slat  On  the  29th 
a  iiejirly  jierfect  elUpso  was  com- 
pleted. On  the  30*  h  the  hypocotyl 
moved,  from  some  unknown  eau^e, 
hnt-hoase.  fecLly  iiltimiiiMU'i  In  the  samo  general  {lirection  in  a 
from  nbovo.  zigzag  line ;  but  Ixjtween  i.SO  and 

10  p.H.  almost  completed  a  second 
ainall  tllij>se.  The  cotyledons  move  only  a  little  up  and  down  : 
Ihnsat  10.15  p.m.  they  stood  only  10°  higher  than  at  noon.  The 
chief  scot  of  movement  therefore,  at  least  when  the  cotyledons 
are  rather  old  as  in  the  present  case,  lies  in  the  hypocotyl.  The 
ellipse  doseribed  on  the  29th  had  its  longer  axis  directed  at 
nearly  right  angles  to  a  line  joining  the  two  cotyledons.  The 
actual  amount   of   movement  of  the  bead  at  the  end  of  the 


0)M>itMt  bastliftt :  eonjnint  cir- 

comnutalion  of  hrpACAtvl 
anJ  cotyloilou ;  lilam^nt 
fiie>l  luogituJiDally  to  O'ty- 
leilt^n,  aD'l  tnoTom^Dt  tmcc-l 
•luring  GG  h.  on  h{>ri2ontal 
glMs.  Movement  uf  the  ter- 
ttliiial  hvivi  niB^nilioil  al>i>iit 
30  timps,  (lore  ro'liii-fi'il  to  cne- 
third seal*.    Speilling  ki!t)t  Id 


^ 
^ 
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fiUment  was,  u  far  as  could  be  asccrtaiued,  about 
iuclL 

Hcfvinthns  ttnimua   (Compositffi).— Tlifi  uppor  port    of    Uw 
hypocotyl  moved  during  the 
dny-tima     in    the     course  (■'ig-  32. 

shown  in  the  uuncxed  fignr« 
(Fig.  32).  Ab  the  line  tans 
id  vurious  directions,  cros&- 
ing  itecU  several  times, 
the  niovemeut  may  be  con- 
sidered as  one  of  cii*cumnu- 
tation.  Tbe  cxtromc  actual 
distanoo  travoltcd  was  at 
least  'Z  of  an  inch.  The 
niovemeiits  of  the  ootyle- 
doufi  of  two  BeedlingR  were 
observed;  onefacing  a  norlli- 
east  window,  and  the  other 
S9  feebly  illmninated  from 
above  as  to  be  almoet  in 
darknees.  They  coutinued 
to  sink  till  about  noon, 
when  they  began  to  rise  j  but  l«tncen  5  and  7  or  8  p.si. 
Wiey  either  sank  a  little,  or  moved  laterally,  ami  then  again 
began  to  rise.  At  7  A.M.  on  the  following  morning  ihoee  ou 
tlie  plant  liefore  tlie  north-east  window  had  opened  so  little 
that  they  stood  at  an  angle  of  73^  aixive  the  horizon,  and  were 
not  observed  any  longer.  Those  ou  the  eeedling  which  had 
been  kept  in  almost  complete  darkness,  sank  during  the  whole 
day,  without  rising  about  mid-day,  but  rose  during  the  night. 
On  the  third  and  fourth  days  they  continued  siuking  without 
any  alternate  ascending  movement;  and  this,  no  doubt,  was 
dne  to  the  al>»ence  of  light 

i'ritnula.  sitiKitsU  (PrimiilaceBB),— A  seedling  was  placed  with 
the  two  cotyledons  parallel  to  a  north-east  window  on  a  day 
when  the  light  was  nearly  nniform,  and  a  filament  was  affixed 
to  one  of  them.  From  observations  RubEequontly  made  on 
another  seedling  with  the  stem  secured  to  a  stick,  the  greater 
port  of  the  movement  shon-n  in  the  annexed  figure  (Fig.  33)* 
must  have  been  that  of  the  hypocotyl,  though  the  cotyledons 
certainly  move  np  and  down  to  a  certain  extent  both  during  the 
day  and  night.    The  movements  of  the  same  seedling  w^re  traced 


Helinnthits  irnfiMtu  :  eircuinuuuiii>a  of 
liyi>ocotyl,  witii  tilnmeot  fixed  KvruBS 
its  tummit,  traced  oo  «  huriz<inbjU 
%\»»s  ia  d^irkaets,  from  8.45  A.M.  to 
10. 40  r.H.,  and  for  an  hour  on  follow- 
ing murttiug.  Uureaicdt  of  b«tiii 
uugnitiei)  21  tim^ii,  httre  reduc«<t  to 
on«-hair  oT  urigiiul  .scjiU. 
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iwi  the  foHowiag  day  -with  nearly  tho  same  result ;  and  Ih 
am  be  no  doubt  about  tbe  ciroumnutation  of  the  bypocutyL 


Fig.  3a. 


X 


^rimtita  Sinensia:  eotijnmt  t'3n*tiinnRti»tmn  of  hjfccetyl  and  cfitylettm^ 
UACCd  OS  vcnual  .qbss,  frorn  8.40  a.m.  ke  10.45  r.K.  lloTein«au  cl 
be&tl  magBitied  abcut  20  times. 

t'jie/ttmeM  Perskum  (Primulaceic).— This  plant  is  generally  sujt- 
posed  to  prodnce  only  a  ftinglo  cotyledon,  but  Br.  IT.  Gressner  • 
ha^s  Bbown  that  a  second  one  is  devel(^d  after  a  long  interval 
of  time.  Tlie  bypocotyl  is  converted  into  a  gli^bular  corni,  evca 
hpfore  the  first  eotylotion  has  broken  tlu-ougb  the  ground  with  its 
bljide  elofioTy  enfolded  and  with  its  pctide  in  the  fnnn  of  an  artih, 
like  the  arched  hjpocotyl  or  epicotyl  oS  any  ordinnry  dicotyle- 
donous plant.  A  gji^ss  filaraent  ^as  affixed  to  a  catyL-don,  '55 
of  an  inch  in  height,  the  x>ctiole  of  which  had  BtmiKhtettjd  itself 
and  stood  neaiiy  vertical,  but  with  tho  blade  not  as  yet  fully 
•jcpaiided.     Its  morraneuta  were  tiacet]   during  2k\  h.  on  a 

horizoDtftl  glass,  majpiificd  50 

f'g.^^'  limes;  and  in  ihia  iuterval  it 

described  two  irr^u>ar  email 

cjicles;  it  therefore  cireuninu- 

tatcs,  though  ou  an  extremely 

small  scale.  J^H 

SJnj''lia     farfed-'ft     (Ascle^^ 

piadew).  —  This  plunl,  when 

maUiie,  reseiubica    a    cactns. 

The    flattened     hypocotyl    is 

flt^hy,  enlarged  in  the  upper 

part,  and  ln'axs  two  rudinien-  * 

tary   cotyledons.      It    breaka 

through  the  gronnd  in  an  arched  &>rm,  \nth  tho  rtidirnfintarj 

Dotyledoiis  closed  or  in  contact.    A  filament  was  affixed  almoiU 


M-i/k/i'i  aarpeitijn:  circnmnutatioo 
of  hypoccityl,  illtiiuinatt^t)  (ram 
ftlinve,  ti-a^'otl  en  borizuutJil  pl.-is«, 
from  13.45  a.h.  June  '2tith  t*  8.45 
A.M.  28th.  Temp.  23*'"24*'  C. 
ilur«m<^ul  of  txaJ  magmlicil  21 
timeB 


•  *  B(fL  Zfiitung,'  ISTt,  p.  837. 
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Tertically  to  the  hypocotyl  of  a  seedling  half  an  inch  high ;  and 
it«  movements  were  traced  during  50  h.  on  a  horizontal  glass 
(Fig.  34).  From  some  imknown  cause  it  bowed  itself  to  one 
Bide,  ani  as  this  was  effected  by  a  zigzag  course,  it  probably 
circumnutated ;  but  with  hardly  any  other  seedling  observed 
by  us  was  this  movement  so  obscurely  shown. 

Ipomaa  coerulea  vel  PharhUis  nil  ((JonTolvulaceffi). — SeedtingB 
of  titiis  plant  were  observed  because  it  is  a  twiner,  the  upi)er 
intemodes  of  which  circumnutate  conspicuously;  but,  like 
other  twining  plants,  the  first  few  internodos  which  rise  above 
the  ground  are  stiff  enough  to  support  themselves,  and  therefore 
do  not  circumnutate  in  any  plainly  recognisable  manner.*  In 
this  particular  instance  the  fifth  internodo  (including  the  hypo- 
cotyl)  was  the  first  which  plainly  circumnutated  and  twined 
round  a  stick.  We  therefore  wished  to  learn  whether  circum- 
nutation  could  be  observed  in  the  hypocotyl  if  carefully  observed 
in  our  usual  manner.  Two  seedlings  were  kept  in  the  dork 
with  filaments  fixed  to  the  upper  part  of  their  hypocotyls ;  but 
from  circumstances  not  worth  explaining  their  movements  were 
traced  for  only  a  short  time.  One  moved  thrice  forwards  and 
twice  backwards  in  nearly  opposite  directions,  in  the  course  of 
S  h.  15  m. ;  and  the  other  twice  forwards  and  twice  backwards 
in  2h.  22  m.  The  hypocotyl  therefore  circumnutated  at  a  re- 
markably rapid  rate.  It  may  here  be  added  that  a  filament  was 
affixed  transversely  to  the  summit  of  the  second  intcrnudu  above 
the  cotyledons  of  a  little  plant  3}  inches  in  height;  and  its 
movements  were  traced  on  a  horizontal  glass.  It  circumnutated, 
and  the  actual  distance  travelled  from  side  to  side  was  a  quarter 
of  an  inch,  which  was  too  small  an  amount  to  be  perceived  with- 
out the  aid  of  marks. 

The  movements  of  the  cotyledons  are  interesting  from  their 
complexity  and  rapidity,  and  in  some  other  respects.  The 
hypocotyl  (2  iaches  high)  of  a  vigorous  seedling  was  secured  to  a 
Btick,  and  a  filament  with  triangles  of  paper  was  afBxed  to  one 
of  the  cotyledons.  The  plant  was  kept  all  day  in  the  hot-house, 
and  at  4.20  p.m.  (Juoe  20th)  was  placed  under  a  skylight  ia 
the  house,  and  ol^erved  occasionally  during  the  evening  and 
night.  It  fell  in  a  slightly  zigzag  line  to  a  moderate  extent 
from  4.20  p.m.  till  1016  p.m.  When  looked  at  shortly  after  mid- 
night (12.30  P.M.)  it  had  risen  a  very  little,  and  considerably  bj 


*  'Uovements  and  Hablta  of  Climbing  Plants/  p.  83,  1875. 
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8.45  A  M.    WI16D  again  looked 


f/o«irt»ri  ct3.ti/.-m  :  circumnutation  of 
cotyl«d(in,  iracod  on  vertical  glass, 
from  tf.IO  t-.M.  Juno  21fl  to  ti.l5 
A.M.  2'itiJ.  Ciitylcd')!:  with  petiole 
1*6  iach  ia  length,  npes  of  blaije 
♦•I  inrh  frnm  ihe  rtTiicil  glms; 
CO  muvGuient,  not  grcA'.ly  Qiiig- 
nified;  tomp. '20°C. 


at,  at  6.10  A.M.  C21st).  it  hud 
fallen  largely.  A  new  tracing 
was  now  liegun  (.sco  Fig.  35), 
and  80on^  afterwards,  at  6.43 
A.M.,  the  cotyledon  had  rifien  a 
little.  During  the  forenooo  it 
was  oltserved  alx>ut  every 
hour ;  bnt  between  12.30  and 
6  P.M.  every  half-hour.  If  the 
obtservatioimbiid  )^>ecn  made  at 
tbeE^e  short  interval  during  the 
whole  day,  the  figuro  would 
have  been  too  intricate  to  have 
l)een  copied.  As  it  waa,  the 
colyleduD  moved  up  and  down 
in  the  course  of  16  h.  20  m.  (i  e. 
between  6.10  a.m.  and  10.30 
r.M.)  thirteen  times. 

The  cotyledons  of  this  seed- 
ling sank  downwards  during 
both  evenings  and  the  early 
part  of  the  night,  but  rose 
during  the  Utter  pfirt.  Aathia 
is  an  unusual  movement,  tho 
eoty  lodons  of  twel  ve  other  eeed- 
lingfi  were  observt'd ;  they  stood 
almost  or  quite  horizontally  at 
mid-day,  and  at  10  p.m.  were 
all  declined  at  various  angles. 
The  inoRt  usual  angle  was  be- 
tween 30°  and  3;y>;  but  throe 
stoo^l  at  about  50^  and  one  at 
even  70°  Iwneath  tlie  horizon. 
The  blades  of  all  those  cotyle- 
dons had  attained  almost  their 
full  Rize.viz.  from  1  to  li  inchee 
in  length,  measured  along  their 
m'driba.  It  is  a  remarkable 
fact  that  whilst  young — that 
is,  when  less  than  half  an  inch 
in  lengtli.  nieiusured  in  the 
same  manuci— they  do  not  sinlr 


^ 
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downw&rds  in  the  CTontug.  Therefore  their  weight,  which  is 
uonftidorablc  when  almost  fully  developed,  probably  come  into 
play  in  originally  dutenuiiiiiig  Iho  duwnwanl  muvenieuU  The 
periodicity  of  tliis  movemeDt  is  much  influonoed  by  the  degree 
of  Ught  to  which  the  seedlings  haTo  been  exposed  diuing  the 
(lay;  for  three  kept  in  an  olKonre  place  b<^an  to  s'nM  alout 
ooon,  inett'od  of  late  in  the  oveninK ;  nnd  those  of  another  aaed- 
Ung  were  almost  paralysed  by  having  been  similarly  kept  during 
two  whole  days.  The  cotyledoiiH  of  several  other  fipcoies  '  ( 
Ipomcea  hkewisc  sink  downwards  late  in  the  evening. 

CerinOte    maj'ur    (Boragineffi).— The   cJreummitation    of  the 
liypocotyl  of   a   young  needling  with  the  eutytedons  hardly 

Fig.  38. 


CerMlUe  major:  circumnnUtioa  of  bypoeotyli,  with  lilameDt  lixe>liicrLiss  rU 
Bummity  Uluminated  from  .ibove,  traced  oa  horizontal  glawi,  U-»n\ 
9.24!  A.u.  to  9.h'A  P.M.  «ti  Oct.  25th.  Movcmcmt  of  the  bead  muguilieJ 
30  times,  hern  reduced  to  ooe-third  of  original  Maie. 

exiHinded,  is  shown  in  the  annexed  figure  (Fig.  86),  which 
apparently  represents  four  or  tire  irregular  ellipses,  dc8cril)ed 
in  the  course  of  a  little  over  12  hours.  Two  older  seedlings 
were  similarly  observed,  cxccptiug  that  one  of  thenl  was  kept 
in  the  dark;  their  hypocotyls  also  drcuDJnutjited,  but  in  a  more 
simple  manner.  The  cotyledons  on  a  seedling  expop^ed  to  the 
light  fell  from  the  early  morning  nntil  a  little  after  noon,  and 
then  continued  to  rise  until  10.30  p  «.  or  later.  The  cotyledons 
of  this  same  seedling  acted  in  the  same  general  manner  during 
the  two  following  days.  It  had  previously  been  tried  in  tho 
dark,  and  after  being  thus  kept  for  only  1  h.  JO  ra.  the  cotyledoii-i 
t>egan  at  430  p.m.  to  sink,  instead  of  coatii:ning  to  rise  till  lat« 
at  flight. 
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Nohna  prosirata  (Noloncaj)  —  The  movements  were  not 
traced,  but  a  pot  with  seodlin^'s,  which  had  beou  kept  in  the 
dark  for  au  hour,  was  placed  tmder  the  niicrascopo,  with  the 
micrometer  eye-piece  bo  atljustc-d  that  each  division  equalled 
gj^th  of  an  inch.  The  apex  of  one  of  the  cotyledons  cro-wed 
rather  ohliqnely  four  cliTJsious  m  13  minnie-s;  it  was  also  sink- 
ing;, as  shown  by  getting  out  of  focus.  The  seedlings  were 
agaiu  plactid  iu  darkness  for  another  hour,  and  the  apex  now 
crossed  two  divisions  in  6  m.  18  s,;  that  is,  at  very  nearly  the 
same  rate  as  bcfora  After  another  interval  of  an  hour  iu  dark- 
ness, it  crossed  twodivisious  in  4  m.  15  s.,  there- 
Fig.  37.  foro  at  a  quicker  raie.  Id  the  afternoon,  after  a 
longer  interval  in  the  dark,  the  apex  was  motion- 
loaa,  but  after  a  time  it  recommonced  moving, 
though  slowly ;  perhaps  the  room  was  too  cokl. 
Judging  from  provtcms  cases,  there  caa  hardly 
be  a  doubt  that  this  sceJliug  was  cirouianuta- 
tiug. 

SaJanvm  lycopersicum  (Solane»)  — The  mnve- 
metits  of  the  liypocofyls  of  two  seedling  to- 
Boianum  iycoper-  moitoos  were  observed  daring  sevea  hours,  and 
Bicum:  cirrum-  tlioro  could  bo  iio  doubt  that  l>otli  circumna- 
"ccDt'r  ""^wit^h  ^^^^*^-  They  were  illuminated  from  above,  but 
filament  fikci  ^^^  "'^  accident  a  little  light  entered  on  one  side, 
•crwsi  Us  sum-  and  in  the  accompanying  figure  (Fig.  37)  it 
mit,  traced  od   ^-jy  he  seen  that  the  hvjjocotvl  moved  to  this 

fi^mTolM^'o  ^^^'^  ^^^"^  "J'P^'^  ^^^  ^"^  ^'''*^  figure),  making  smaU 

6i'.M.0ct.24ih.  loops  and  zigzagging  in  its  course.    The  movc' 

DtuiDiaated  ob-  ments  of  the  cotyledons  were  also  traced  both 

'"l'J"'y     n/^'^"'  ou  vortical  and  horizontal  glasses;  their  angles 

meat'  of    bead  ^^'^*'^  *^®  horizon  were   likewise  measured  at 

niftgiiifi«d  about  various  hours.    They  fell  from  8  30  a.m.  (October 

35  times,  hero   17th)  to  about  noou ;  then  movod  laterally  in  a 
reduced  to  oo.>-      .  y       ^jj^  .^^  j^ij^y^  ^  p  j^    ^^^^^^  ^  ^. 

pj^lg^  they  continued  to  do  so  until  10.30  p.m.,    by 

which  hour  they  stood  vertically  and  were  asleep. 
At  what  hour  of  the  night  or  early  morning  they  began  to  fall 
was  not  a'^certftiued.  Owing  to  the  lateral  movement  shortly 
dftur  mid-day,  the  descending  and  ascending  lines  did  not 
coincide,  and  irregular  cUip^^os  were  described  during  each  34  h. 
The  regular  periodicity  of  these  movements  is  destroyed,  as  w« 
Bliall  hereafter  see,  if  the  sadlings  are  kept  in  the  dark. 
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Sofanum  paUnneanth'Tn.— Several  arc>icd  hypocotyla  rtflinj^ 
noarly  "2  of  an  inch  above  the  grouui,  hut  with  tho  cotylodana 
still  liuricd  Twjneath  the  snrfiice,  were  ohservetl,  jind  tho  traciups 
showed  that  they  circummitated.  Moreover,  in  several  cases 
little  open  circular  t^paces  or  cracks  in  the  argillaceous  sand 
which  surrounded  tho  arched  hypocotyls  were  viaible,  and 
Ihese  appeared  to  have  been  made  by  the  hjrpocotyls  haviii); 
beut  first  to  one  and  then  to  another  t'ido  whilst  growing  np- 
frards.  In  two  inRlancea  the  Tertical  arches  were  observed  to 
move  to  a  considerable  distaoco  backwards  from  the  point  whore 
the  cotyledons  lay  buried;  this  movement,  which  has  been 
noticed  in  some  other  cases.and  which  seems  toaid  in  extracting 
Ih©  cotyledons  from  the  bnried  seed-coats,  is  duo  to  the  com- 
mencement of  tho  slrai^hlcnin^  of  the  hypoeol  jl.  In  order  to 
prevent  this  latter  movement,  the  two  legs  of  au  arch;  the 

rig.  38. 


Sotanitm  jni'nnctint'.um:  rfrcumnutntion  of  an  nrchod  hypocotyl,  jnit 
emerging;  Trom  the  gmuuii,  with  the  twn  lugs  tie<l  loi^eVlier,  tracfid  id 
dnrkoess  on  a  horizontiil  sla^K,  fr<im  9.20  A  Jl.  I>ec.  17th  to  8.30  A-3L 
19th.  MoTvmcDt  of  head  magnllUd  M^  tiinen  ;  hat  thu  filimtect,  which 
was  atfixed  Dblii|uply  to  the  crnwn  of  the  anih,  was  of  unusunl  length. 

gumniit  of  which  was  on  a  level  with  the  surface  of  the  soil, 
were  tied  together;  tho  earth  bavin:;  been  previously  removed 
to  a  little  depth  all  round.  The  movorapnt  of  the  arch  during 
47  hours  umler  these  unnatural  circurastancea  is  exhibited 
ID  the  anncxerl  fij^ro. 

The  ootyledonM  of  some  ReedtinRS  in  the  hot-house  were  hori- 
stontal  alxtut  notm  on  Deceral>er  13th ;  and  at  10  p.m.  had  risen 
to  an  angle  of  27°  alcove  the  horizon ;  at  7  a.m.  on  the  following 
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Fig.  39. 


raoming,  before  it  was  light,  they  had  risen  to  59"  above  tho 
horizon;  in  the  aftctuoou  of  the  same  dajr  they  were  found 
again  horizontal. 

Beta  vuhjaris  (Chcnojxwioffi). — The  seedlings  are  esccssiToly 
BensitiTe  to  light,  so  that  although  on  the  first  day  they 
were  uncoTcred  only  during  two  or  three 
minutes  at  each  observation,  they  all  moved 
steadily  towards  the  sitle  of  tli0  room 
whence  the  light  proeocded,  and  the  trac- 
ings consisted  only  of  slightly  zigzag  lines 
directed  towards  the  light.  On  the  next 
day  the  planta  were  placed  in  a  completely 
darkened  room,  and  nt  each  olieervation 
were  ilhiminated  as  much  as  possible  from 
vertically  above  by  a  small  wax  taper.  The 
annexed  figure  (Fig.  31')  shows  the  move- 
ment of  the  hyix>cotyl  during  9  h.  under 
these  circumstances.  A  second  seedling 
was  Riniilarly  obscrvocl  at  the  same  time, 
and  the  ti-acing  had  the  same  peculiar 
characterj  flue  to  the  hypncotyl  oflen  mov- 
ing and  returning  in  nearly  parallel  lines. 
The  movement  of  a  third  hypocotyl  differed 
greatly. 

We  endeavoured  to  trace  the  movements 
of  the  cotyledons,  and  for  this  purjiose 
some  seedlings  were  kept  in  the  dark,  but 
they  moved  in  an  abnormal  manner ;  they 
continued  rising  from  8.47  a.m.  to  2  p.m., 
then  moved  laterally,  and  from  3  to  6  p.m. 
desceniiGd ;  whereas  cotyledons  which  have  been  exposed  all 
the  day  to  the  light  rise  in  the  evening  so  as  to  stand  verti- 
cally at  night;  hut  this  statement  applies  only  to  young 
seeillings.  For  instjtnce,  six  seedlings  in  the  greenhouse  ha«l 
tlieir  cotyledons  partially  open  for  the  first  time  on  the  morning 
of  Novembtir  Irith,  and  at  8.'15  p.m.  all  were  completely  cloeod, 
BO  that  they  might  proficrly  l>e  said  to  he  asleep.  Again,  on  the 
morning  of  November  27th,  the  cotyledons  of  four  other  seetilingB, 
which  were  surrounded  by  a  collar  of  brown  paj)er  so  that  they 
received  light  only  from  above,  were  open  to  the  extent  of 
S9^;  at  10  p.m.  they  were  completely  closed;  next  morning 
CNo  Tcmber  28th)  at  G.45  a.m.»  whilst  •  t  was  still  dark,  two  of  them 


Bern  ru'narin:  circum* 
nulaticju  (if  liy|io< 
coty],wilh  niameiil 
iixec]  obll(]u#ly  a- 
crnsa  its  summit, 
tracal  in  rlarlcn^sa 
on  KorizriDtal  gla»4, 
from  8.25  X.M.  to 
5.au  P.M.  Nov.  4th. 
Miivem'jiit  of  bead 
niNgnilitii  23  times, 
here  reiluced  to  cmc- 
third  ot'  origiujii 
■cale. 
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were  partiAlI^  open  and  all  opened  in  the  course  of  the  mormng; 
but  at  10.30  P.M.  all  four  (not  to  nioiition  nine  othors  which 
bad  boon  open  in  the  momiug  nnd  six  others  on  anotlior  orco- 
Bion)  were  again  completely  cIosukI.  On  the  morning  of  the 
29th  thoy  wore  opfsn,  Imt  at  night  only  ono  of  tho  four  wan 
closed,  and  this  only  x>anially ;  the  tluee  others  had  their 
e«tylodona  much  more  raisod  than  during  tho  day.  On  tho 
night  of  the  aOth  the  cotyledons  of  the  four  were  only  slightly 
raided. 

BicinuB  Boi-bonienais  (Euphorbioceae).  -  Seeds  were  pnrchasod 
under  the  almve  name— proliably  a  variety  of  the  common  castor^ 
oil  plant.  As  soou  as  an  arched  hypocotyl  had  risen  clear  above 
tho  ground,  a  filament  was  attoohed  to  tlio  upper  leg  tjotiring  the 
cotyledons  which  were  still  buried  beneath  Iho  surface,  and  the 
movement  of  the  bead  was  traced  oo  a  horizontal  glass  during 
a  period  of  34  h,  The  lines  tmccil  were  Rtrongly  zigzag,  and 
as  the  bead  twice  returned  nearly  parallel  to  its  former  course 
in  two  different  directinofi,  there  could  lio  no  doubt  that  the 
arched  hypocotyl  circumnutated.  At  tlio  clo?e  of  the  34  h. 
the  upper  part  began  to  rise  and  straighten  itself,  (bagging  the 
cotyledons  out  of  the  ground,  so  that  the  movemeuU  of  the 
bead  could  no  longer  bo  traced  on  the  gloss. 

Querens  (American  sp.)  (Cupulifcrflp). — Acorns  of  an  AmoricjiQ 
oak  which  had  germinated  at  Kew  were  planted  in  a  pot  in 
the  greonhouse.  Tliis  transplantation  checked  their  growth; 
but  after  a  timo  ono  grew  to  a  height  of  five  inches, 
measured  to  the  lips  of  the  small  partially  nnfoldoit  loaTes  on 
tho  summit,  nnd  now  looked  vigoi*ou3.  It  consiKted  of  six 
very  thin  intcmodes  of  unequal  lengths.  Considering  these 
circumstiinces  and  the  nature  of  tlio  plant,  wo  hardly  expected 
that  it  would  cirRuranutato;  but  the  uunexcd  ligure  (Fig.  10) 
shows  that  it  did  so  in  a  conspicuous  manner,  changing  its 
course  many  times  and  travelling  in  all  directions  during  thfl 
48  b.  of  observation.  The  figure  socms  to  represent  5  or  6 
irregular  ovals  or  ellrpses.  Tho  actual  amonnt  of  moTement 
from  side  to  side  (e.xcluding  ono  grpjit  l)cnd  to  tho  left)  was 
about  '2  of  aa  inch;  but  this  was  difKcult  tu  estimate,  ns  owing 
to  tho  rapid  growth  of  the  stem,  the  atlnoliod  fil.inmiit  was 
mneh  further  from  tho  mark  lieneath  at  tho  close  Ihun  at  the 
commencement  of  the  oKscrvations.  It  deserves  notice  that  the 
p(it  was  placed  in  a  noH,h-ea.'?t  mom  within  a  deep  box,  tlie  top 
ul  witioh  was  not  at  first  covered  up,  so  that  the  inside  facijig 
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tho  windowa  was  a  little  more  illnminated  than  tlie  opjwwite 
Bido;  and  during  tho  first  morning  tho  stom  travelled  to  a 
greater  distance  in  this  direction  (to  the  left  in  tho  figure)  than 
it  did  afterwards  when  the  l>oi  was  conipietuly  protected  from 
light 

Fig.  40. 


—>-/.. 


Querrus  (Ainarir-an  s]*.):  clrciimiiulJitioB  of  yoi:iiig  8tem,  trnccj  oa  hori- 
soDtal  ftliifs,  from  li-'-O  i',M.  Kt.-b,  '2Ja^  to  I'^SO  v.\i.  :i4th.  Movetncii* 
of  bend  gtkzully  nmgiiine-l  nt  first,  but  bligbtly  towar^ls  tliu  close  at'  the 
observatiuus — (ibout  10  times  an  an  avtrtigB. 

Qn^rcut  rubur. — Observations  were  mado  only  on  tho  move- 
monts  of  the  radicles  from  germinating  nconiH,  which  were  allowed. 
In  grow  downwards  in  the  manner  previously  described,  over 
plalcsof  smoked  glass,  inciinod  at  angles  between  65*^  and  6'.)' 
to  the  horizon.  In  four  cases  the  tracks  left  were  almost  straight, 
but  tho  tips  hod  pressed  somttimes  with  more  and  sometimes 
with  less  force  on  tho  glass,  as  shown  by  tho  varying  thickness 
of  the  tracks  and  by  little  bridges  of  soot  left  acroas  them. 
In  tho  fifth  eainG  the  track  was  slightly  gerpcntine,  that  is,  the 
tip  had  moved  a  little  from  sido  to  side.  In  tho  sixth  case 
(Fig.  41,  A)  it  was  plainly  scrpoutiuo,  and  the  tip  had  pressed 
almost  equably  on  the  glass  in  its  whole  cour.-c.  In  tho  seventh 
case  (B)  the  tip  bad  moved  both  laterally  and  had  pressed 
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alternately  with  unequnl  force  on  the  glflss;  ro  tbAt  it  bad 
moved  a  litUo  in  two  planes  at  right  angles  to  one  another.  In 
the  eighth  and  last  case  (C)  it  had  mored  very  litUo  later  tUy, 
but  had  alteruatuly  left  the  glass  and  comu  iuto  contact  witli  it 
ugain.  There  can  1)6  no  doubt  tbut  in  the  last  four  cnsen  the 
iadicle  of  the  oak  circumnutated  whilst  growing  dounwurdH 

Fig.  41. 
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Qtu-niu  rahttr:  trarlcs  l«(i  un  tocliDud  (.muked  glu».pUt«t  by  lljis  of 
rniltcles  in  i;rnwnig  dowuwarvlj.  HUteii  A  and  C  inclinvd  i%  35°  and 
pUte  B  at  t!8°  to  the  horixon. 

Corylus  ai^hma  (Cory laowe).— The  epfcfityl  I>reak8  throngb 
the  ground  in  an  arched  form ;  bnt  in  tbc  specimen  which  was 
first  examined,  the  Apfx  had  hocorae  doc^^id,  Niirl  the  epicotyt 
grew  to  some  disUnru  through  the  soil,  in  a  torttioup,  aImo*^t 
I  orizontal  direction,  like  a  r*>ot.  In  conpequeiioe  of  this  injury 
it  hod  emitted  near  the  hyposean  cotyledons  two  recondiry 
sbootfi,  and  it  was  remarkable  that  both  of  thei^e  were  arched, 
like  the  normal  epiootyl  in  ordinary  cases.  The  .•*riil  was  removed 
from  around  one  of  these  arched  secondary  shoota,  and  a  glfu^s 
filament  was  affixed  to  the  basal  leg.  The  whole  was  kept 
damp  beneath  a  metal-box  with  a  glass  ltd,  and  was  thus  illumi- 
nattvl  only  from  above.  Owing  apparently  to  the  latenil  prcssuie 
of  the  earth  Iteiiig  removed,  the  terminal  and  I«osvod-<Iown  part 
of  the  Bhoot  began  at  once  to  move  upwai-ds,  so  that  after 
2-1  h.  it  formed  a  right  angle  with  the  lower  pxrt.  Tins  lu^^'er 
part,  to  which  the  filament  was  attached,  also  ttniigbtenod 
itself,  and  moved  a  little  Ixickwards  from  the  upper  part.  Con* 
■oqucntly  a  long  line  was  traced  on  the  horizontal  glass;  and 


M 


CIECUMNCTATION  OF  SEEDUNOa        Crap.  1 


Fig.  4X 


thia  was    in  parts   straight   and   in  pirts  decidedly  zigzag 

indicatiug  circiimnutation. 
Ou  the  following  day  the  other  secondarj'  shoot  was  obiwrved ; 

it  was  a  iittlc  more  advanced  in  ago,  fov  the  upper  part)  instead 
of  depending  Tcrtically  downwards, 
stood  at  an  angle  of  45°  above  the 
horizon.  The  tip  of  the  shoot  pro- 
jected ohliqnely  '4  of  an  inch  above 
the  ground,  but  by  the  close  of  our 
observations,  whicli  lastetl  47  h.,  it 
had  grown,  chiefly  towards  its  base^ 
t^  a  height  of  '85  of  an  inch.  Tho 
filament  was  fixed  transrerfloly  to 
the  basal  and  almost  upright  half 
of  the  shoot,  close  lieneath  the  loweat 
RCftlfvIike  appendage.  Tho  circum- 
Dutating  Cf»uTPe  pursued  is  shown 
in  the  accompanying  figure  (Fig. 
42).  The  actual  distance  traversed 
from  side  to  side  was  about  *04  of 
an  inch. 

Pimis  pinaster  (Conifene).  —  A 
young  hypocotyl,  with  the  tips 
of  the  cotyle*lons  still  enclosed 
within  the  fieefl-<x>at8.  was  at  first 

only  '35  of  an  inch  in  height;    bnt  the  upper  imrt  grew  so 

rapidly  that  at  the  end  of  our  observations  it  was  '6  in  height, 


\ 

CcrtflHS  f/Tvlfan'i :  circamauta- 
tion  ««f  fi  young  shoot  «rnittfj 

fr^in  tho  epicntyl,  the  apHX 
of  which  had  heen  injiirt^d, 
traced  on  a  V>riznDtal  gla^s, 
from  9  A-M,  feb.  2ad  to  8 
k.M.  4th.  Morcment  ot 
huM  magnified  abcut  27 
times. 


rig-  43. 
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Pviue  pimuttr :  circumnuiation  of  hj'pocot-fl,  wUh  filament  fired  ncroaatt^ 
anramit,  traced  on  horizontal  glass,  from  10  A.M.  Mnrch  31st  to  9  A.1I. 
2.')rl.  ScBdling  kept  in  darkness.  Moreraeat  of  bead  magnified  abra*. 
35  tiniM. 
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and  hy  this  time  the  filament  was  attached  rodio  \n.j  down  tlie 
)  little  stem.  From  noine  unknown  cause,  the  hypoootyl  moved 
far  towards  the  left,  but  there  could  be  no  donbt  (Fip.  43)  that 
it  cireuumutated.  Another  hypocotyl  was  aiuiilnrly  observed, 
and  it  likewise  moved  in  a  strongly  sdgzag  line  to  tlie  same  Ride. 
This  lateral  movement  was  not  caused  hy  the  attachment  of 
'  the  giaes  ftUmentK,  nor  by  the  action  of  light ;  for  no  light  wan 
allowed  to  ent4.r  when  each  obBervation  was  made,  except  from 
vertically  above. 

The  bypocotyl  of  a  soedling  was  seoured  to  a  little  stick ;  it 
bore  nine  in  appearance  distinct  ootylcdoiia.  arranged  in  a  circle. 
The  movonicnta  of  two  nearly  oijpoeite  ones  were  oliservtd.  The 
tip  of  one  was  painted  white,  with  a  mark  placed  below,  and  the 
figune  deBcribed  (Fig.  44,  A)  Bhows  that  it  made  an  irrcf^iilar 

Fig.  u. 


Pmxa  pmaatert  circuinnutatum  of  two  oppoaite  oolyltdoM,  ti^ced  ob 
borizoDtal  glan  in  darknesi,  tVom  8.45  a.m.  to  8.35  p.m.  Nov.  2Ath. 
Movemeat  of  tip  m  A  magnified  abovt  2'^  tjni««,  lt«ra  reduceii  to  ooe- 
k«Jf  of  origioal  w»l«. 

ciKle  in  the  course  of  about  8  h.  During  the  night  it 
traveled  to  a  cotiBideiahle  djatance  in  the  direction  indicated 
by  the  broken  line.  A  glass  filament  was  attached  longitu- 
dinally to  the  other  cotyledon,  and  this  nearly  completed 
(Fig.  44,  B)  an  irregular  circular  figure  in  atmut  12  hours. 
During  the  night  it  also  moved  to  a  considerable  distanoe,  in 
the  direction  Indicated  by  the  broken  line.  The  cotyledons 
therefore  circumnutate  independently  of  the  movement  of  the 
hypoootyL  Although  they  moved  much  during  the  night,  thej 
did  not  approach  each  other  bo  aa  to  stand  more  vertically  than 
during  the  day. 
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Cycasyecimain  (Cycadese). — The  large  seeds  of  ihia  plant  ia 
germinating  first  prntrude  a  single  leaf,  whicli  breaks  through 
the  ground  with  the  petiole  bowed  into  an  arch  and  with  tlie 
leaflets  involntod.  A  leaf  in  this  condition,  which  at  tlio  close 
of  our  oLfiervationa  was  %  inches  in  height,  bad  its  niovcmenU 
traced  in  a  warm  greenhoo&o  by  m^ans  of  a  gluss  fllameut 
bearing  paper  triangles  attached  across  its  tip.  The  tracing 
(Fig.  45)  Buj'ws  iiow  largpj  complex,  and  rapid  were  the  oircuiu- 

Fig.  45. 
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Oyeaa  pfotinata  !  carcnmautntiDii  of  youag  leafwbilBt  emerging  hava  thr 
ground^  feebly  lUuniiDikUd  from  above,  traced  on  vertical  glass,  front 
6  P.M.  May  2Sth  to  11  A.M.  31st.  Mctrenacut  ma^aiiied  7  timeSi  here 
reiucvd  to  twu-tbirUa  of  ongitial  scalv. 

nntjiling  movements.  The  extreme  distance  from  side  to  Bide 
which  it  passed  over  amonnted  to  between  '6  and  "7  (rf  an 
inch. 

CahtUi  Warscrifticzii  (Canaaceae).— A  seetiling  with  the  plu- 
mule projecting  one  inch  above  the  ground  was  observed,  but 
not  under  fair  conditions,  as  it  was  bi-ought  out  of  the  liot- 
liousc  and  kept  in  a  room  not  suflioiently  warm.  Neveithele-ss 
ihe  tracing  (Fig.  46)  shows  that  it  made  two  or  three  incom- 
plete irregular  circles  or  ellipses  in  the  course  of  48  hours.  Tlie 
plmuule  is  straight;  and  this  was  the  first  instance  observed 
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by  us  of  the  p«rt  that  flist  breaks  through   the  ;;roiind  uot 
l^ng  arched. 

Mg  46. 


(hmtm  Wancetciatii :  circQmDuUtloii  of  plumuU  wUb  filament  affix«l 
obltqaelj  U>  enter  ahenth-like  leaf,  trnced  in  durkneai  onhorizontal  glui 
from  M5  x.u.  Not.  HU  to  8.10  a.m.  lltb.  ilovomsot  of  bead  iQa|[- 
oilied  6  thnes. 

AUinm  c*-pn  (Lilifloero).— The  narrow  greeu  leaf,  which  pro- 
trudes from  the  Boed  of  the  common  oDioii  us  a  coiylfxlon* 
breaks  through  the  gronnd  in  the  form  of  an  an^h,  in  tlio  same 
manner  as  the  hypocotyl  or  epitotyl  of  a  dicotyledonous  plant. 
LoDg  aft-er  tho  arch  has  riacn  abovo  the  surface  the  apex 
remains  within  the  seed-coats,  evidently  absorbing  the  btill 
abunilant  contentfl.  The  summit  or  crown  of  tho  arch,  when 
it  first  protrndoe  from  the  pcod  and  is  still  buried  beneath  the 
ground,  is  simply  rounded;  but  liefnre  it  reaches  tho  surface 
it  is  developed  into  a  conioal  protuberance  of  a  white  colonr 
(owing  to  the  absence  of  chlorophyll),  whilst  the  adjoining  parts 
are  green),  with  the  epiilcrmis  apparently  rather  tliickcr  and 
tougher  than  elsewhere.  We  may  therefore  com-ludc  that  this 
conical  protuberance  is  a  Kpecial  adaptation  for  breaking  through 
the  ground,t  and  answers  the  same  end  as  the  knife-like  white 
crest  on  the  summit  of  the  straight  cotyledon  of  the  Oranuncse. 


*  This  is  the  expreaeioQ  va&X 
by  Snchs  in  bis  'Teit-book  of 
BnUny/ 

t  ItiibiTlandt  liaa  brioAy  do 
•crilnd   (*  Di.'    yi-ImUcttiriohtun- 

SB  .  . .  KLriiopfliinzc,'  1877,  p.  77) 
Lb  citriuua  utrm-turo    aud    tho 


purpose  wliii'h  it  subsorrcs.  He 
i^tes  that  good  figures  of  the 
cotyledon  of  the  onion  have  been 
given  by  Tiltuiann  and  by  Baoiia 
iu  hia '  Kiperiniciital  PhyBioIdgwi,' 
p.  93. 
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After  a  timo  the  apex  ia  drawn  out  of  the  empty  seed-ccats, 

BLUid  rises  up,  forming  a  riglit  an^lo,  or  more  commouly  a  still 
lar|,'er  angle  witli  tlie  lower  part,  and  occasionally  the  whole 
t)€comes  nearly  etraight.  The  conical  protnbei-aneo,  which 
originally  formed  the  crown  of  the  arch,  ia  now  seated  on  one 
ei(te,  and  appear]  like  a  joint  or  knee,  wMch  from  acquiring 
chlorophyll  becomes  green,  and  increases  in  aize.  In  n»rely  oi 
never  becoming  perfoutly  straight,  these  cotyledonfl  differ  remark- 
ably from  the  nltimate  condition  of  the  archtii  hypocotyls  or 
epicotylsof  dicotyledoDs.  It  is,  also,  a  singular  circumstance 
that  the  attenuated  extremity  of  the  upper  l>ent  portion 
inTariably  withers  and  di^. 

A  filament,  1"7  inch  in  length,  was  afSxeil  nearly  upright 
beneath  the  knee  to  the  basal  and  vertical  portion  of  a 
cotyledon;  and  its  movements  were 
traced  during  14  h.  in  the  usual  manner. 
The  tracing  here  given  (Fig.  47)  indi- 
cates circumnutation.  Tlie  movement  of 
the  upper  part  above  the  knee  of  the  Fame 
cotyledon,  which  projected  at  about  an 
angle  of  45°  above  the  horizon,  was 
olieerved  at  the  same  time.  A  filament 
was  not  affiled  to  it,  but  a  mark  wa« 
placed  beneath  the  ajxix,  wliich  was 
almost  white  from  beginning  to  wither, 
and  its  movements  were  thus  traced.  The 
figure  described  resembled  pretty  closely 
that  above  given ;  and  this  shows  that  the 
chief  seat  of  movement  is  in  the  lower  or 
basal  part  of  the  cotyledon. 

AtpiroffUt  officinaJui  (Asparageae). — 
The  tip  of  a  straight  plimiule  or  cotyledon 
(for  we  do  not  know  which  it  should  be 
called)  was  found  at  a  depth  of  •!  inch 
beneath  the  surface,  and  the  earth  was  then  removed  all  round 
to  the  depth  of  -3  inch.  A  glass  filament  was  afBxed  obUqnely  to 
it,  and  the  movement  of  the  bead,  minified  17  times,  was  traced 
in  darkness.  During  the  first  ih.  15  m.  the  plumule  moved  to 
the  right,  and  during  the  next  two  hours  it  returned  in  a  roughly 
parallel  but  strongly  zigzag  course.  From  botdc  xmknown  cause 
it  had  grown  iip  through  the  soil  in  an  inclined  direction,  and 
now  through  aix^eotropi&m  it  moved  during  nearly  24  h.  in 


Atiivmcep^:  circtiinmi- 
tation  of  hiiaa]  half 
of  arched  cotyledon, 
traced  m  durkncns  on 
horizontal  glass^  from 
8.15  A.u.  to  10  I'.M. 
Oct.  3l!it.  MuTetnent 
uf  bead  irmgDitKd 
abuDt  17  tiiutis^ 


Ca^.-.  I 


ABPARAGir& 


fil 


the  Bame  general  direction,  but  in  a  slightly  zigzag  manner, 
until  it  beoame  upright  On  the  fulluwing  morning  it  changctl 
its  course  completely.  There  can  therefore  hardly  be  a  doubt 
that  the  plumule  cirrumiiiitjite^,  whilst  buried  lencutb  tlie 
ground,  as  much  as  the  pressure  of  the  8urri>uiiding  earth  mil 
permit  The  burfiice  of  the  soil  in  the  pot  wa<!  v.nw  covered  with- 
a  thin  luyer  of  very  fine  argillaceous  aoad,  which  was  kept  damp; 
and  after  the  tapering  Beedlings  had  grown  a  few  tentlis  of 
an  inch  in  height,  each  was  fmind  Burroumled  by  a  little  or>en 
Bpooo  or  circnliir  enick;  and  this  could,  be  accounted  for  only  by 
their  having  circumuutated  and  thus  pushed  away  the  sand  on 
all  sides;  for  there  was  no  vestige  of  a  crack  in  any  other  part. 
In  order  to  prove  that  there  was  ci re nm nutation,  the  move- 


\ 


Aaptuxufta  officinalis  i  circumnuUtioD  of  plumales  vith  tip*  whiUnid  and' 
morki  placed  beoeath,  tmceJ  ou  a  norixoutal  gUias.  A,  young  plumule  ; 
moTemeut  ImccW  from  8.30  a.m.  Nov.  30  th  lu  7.13  A.M.  next  morning; 
mAgnilied  about  35  timos.  B,  olJer  pbnmile  ;  movement  tniced  from 
lO.lo  A.IC.  to  8.10  p.m.  Not.  2dtli ;  inngniHed  9  times,  bat  heroriKtucod 
ta  oDe-half  of  original  &caie. 

ments  of  five  seedlings,  varying  in  height  from  3  inch  to  2  inches, 
were  traced.  They  were  placed  within  a  box  and  illuminated 
from  above;  bnt  in  all  five  cases  the  longer  axes  of  the  fignrfts 
described  were  directed  to  nearly  the  same  point ;  ko  that  more 
light  seemed  to  have  come  through  tho  gins.'*  n)of  of  the  green- 
house on  one  sido  than  on  any  other.  All  five  tracings  re- 
scmble^l  Cflch  other  to  a  certain  extent, and  it  will  sufQce  to  give 
two  of  Ihem.    In  A  (Fig.  48)  the  seedling  was  only  '45  of  fin 
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inch  in  huight,  and  consisted  of  a  single  internodo  bearing  a 
bud  on  its  sutnmit.  The  apex  described  between  8.30  a.m.  and 
10.20  P.M.  (i.e.  during  nearly  14  liour.*:)  a  figure  which  would 
prabably  liava  consisted  of  3i  ellipse?,  ha.\  not  the  stera  heen 
dmwri  to  oiio  side  until  1  r.M.,  after  whidh  hour  it  moved  back- 
wards. Ou  the  following  morniug  it  was  not  far  distant  from 
tlte  point  whence  it  had  first  fttartefl.  The  actnal  amonnt  of 
movement  of  tlio  apex  from  side  to  Bide  was  very  small,  viz. 
about  Jjjth  of  an  inch.  The  seedling  of  which  the  movements 
are  shown  in  Fig.  48,  B,  wiw  H  inch  in  height,  and  consisted  of 
three  internode-a  besides  the  bud  on  the  Bummit.  The  figure, 
which  was  dascribed  during  10  h.,  apparently  represents  two 
irrtgulaF  Aod  unequal  ellipses  or  cfreles.  The  actnal  amount  of 
raovemeatof  the  apex,  in  the  line  not  iufluen^^od  by  the  hght,  w&a 
•11  of  an  inch,  and  in  that  klms  influenced  "  37  of  au  inch.  With 
a  seedling  2  inehea  in  height  it  was  obvious,  even  withont  the 
aid  of  any  traciog,  that  the  uppermost  part  of  the  stem  betit 
encHii^ively  to  all  points  of  the  compasa,  like  the  stem  of  a 
twining  plants  A  little  increase  in  the  power  of  circum nutating 
and  in  the  flexibility  of  the  elem,  wonld  convert  the  commoD 
ftspiiragus  into  a  twining  plant,  as  has  occurred  with  one  spocien 
in  this  genus,  namely,  A.  scandeiffi. 

I'haloris  Canarifit-iis  (Gramineit).  —  With  the  Graminew  tho 
part  which  fii^t  riaes  above  the  ground  has  been  called  by  some 
authors  the  pileole;  and  various  views  have  been  expressed  on 
its  homological  nature.  It  is  considered  by  aciinG  great  anthori- 
lies  to  be  a  cotyledon,  which  terna  we  will  use  without  venturing 
to  express  any  opinion  on  the  subject.*  Id  eonaiBta  in  tho 
present  case  of  a  slightly  flattonod  roddiBh  Bhcath,  teroiinating 
np\Fards  in  a  sharp  white  edge;  it  tncto-es  a  true  green  leaf, 
whijh  protrudes  from  the  sheath  through  a  slit-like  orifice, 
close  beneath  and  at  right  angles  to  the  sharp  edge  ou  the 
eummtt.  Tho  sheath  ia  not  arched  when  it  breaks  through  tho 
ground. 

The  movements  of  three  rather  old  seedlings,  aliout  li  iuch 
in  height,  shortly  hcForo  the  protrusion  of  the  leaves,  were  fir^t 
traced.  Tliey  were  illuminated  exclusively  from  above;  for,  ae 
wiil   hereaftiT  be  shown,  they  are  cxctssively  i^nsitive  to  tho  , 


•  W«  an;  iiidi:bti-d  to  tlic  Rev. 
■G.  H. nslow  fnr  an  abrtruct  of  tho 
vtowa  witich  havti  t>eoa  held  on 


this   subjwt,   togoUier    with    re 
ferciicca. 
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iction  of  light;  and  if  any  enters  eTtn  temporarily  on  one  siile. 

they  merely  bend  to  this  side  in  slightly  zig!^  lines.    OF  the  throe 

tmciuga  ooe  alone  (Fig.  49)  ie  here  givea.    ILid  the  obBerratifma 

I*en  more  frcfiuent  dariog  the  12  h. 

tvu  oval  £guree  would  have  been 

described  with  their  longer  axes  at 

right  angles  to  one  another.    The 

actual  amoaiit  of  movemeut  of  the 

apex  from  aido  to  side  was  about 

*3  of  an  inch.    The  figarefi  deBcrtbed 

bytbe  other  two  seedlings  resembled 

to  a  ceit&in  extent  tlie  one  here 

given, 

A  seedling  which  had  just  brokeu 
through  the  ground  and  projected  ^^';r^  Oma.fensi>-  ciicnmM- 

,      *    ,,        y^         ,      ,        ,      -^     ,,  tation  of  a  cotyledon,  with  • 

only  ^Ih  of   an  inch  aboTe  the  

surfftee,  was  next  obBcrved  in  the 
same  manner  as  before.  It  was 
necessary  to  clear  away  the  earth 
all  round  the  seedling  to  a  tittle 
depth   in  order  to  plac«  a  mark 

beneath  the  apex.  The  figure  (Fig.  60)  shows  that  the  apex 
moved  to  one  Hide,  but  changed  its  course  ten  times  in  the 
course  of  the  ton  hours  of  observa- 
tion ;  80  that  lliere  can  be  no  doultt 
about  its  circumnutation.  T}i0 
cause  of  the  general  movement 
in  one  direction  could  hardly  be 
attributed  to  the  entrance  of 
hiteral  light,  as  tliis  was  carefully 
guarded  against ;  and  we  suppose 
it  w)w  in  some  raanccr  connected 
with  the  removal  of  the  earth 
round  tbe  little  set  dliiig. 

Lastly,  the  Boii  in  the  same  pot 
was  searched  with  the  aid  uf  a 
Icus,  aud  the  white  knife-like  apex 
offtwedling  was  found  on  nn  exact 
levol  with  that  of  the  surrumiJiiig 
Borface.  Tlie  soil  was  removed  all  roaml  tlie  apfx  to  the  depth 
of  a  quarter  of  en  iiicli,  tJie  seed  itself  romaiiiing  covert'd.  The 
pot,  protocttd  from  lateral  hght,  was  placed  imder  the  micro- 


mark  pUcod  boUw  ihfl  iiMS, 
tiuced  DD  a  horizoiitnl  sliu, 
from  8.35  A.M.  Not.  26th  to 
8.45  a.m.  2jth.  Movement  of 
a[«x  magniliHl  7  timw,  h»r« 
redocrd  to  ooe-half  iicale. 


Frg.  60. 


Pfi  ioi'ia ''n'utriffMit :  chdrxmttM- 
tatioR  of  A  very  young  coty* 
IrduR,  vrith  a  mnrk  placed 
below  the  HTKx,  traced  oo  a 
liurinrFiilal  giaA'<,  from  11.37 
A.M.  to  9.30  P.M.  Dec  13th. 
Movement  of  apex  jfrwatlj 
magnified,  hero  reduced  t4 
oQe-forrth  uf  urigioftl  scale. 
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Bcopo  with  a  niicroniotcr  eye  piece,  so  arranj^ed  that  each 
division  equalled  o^th  of  au  inch.  Alter  an  interval  of  30  in. 
the  apex  was  observed,  and  it  was  seen  to  cross  a  little  obliquely 
two  divisions  of  tlio  micrometer  in  9  m.  15  s. ;  anJ  after  a  few 
minutes  it  crossed  the  same  space  in  8  m.  60  a.  The  sooJling 
vfiis  again  observed  after  an  iutervalof  three-quartfii's  of  an  hour, 
and  now  the  apei  crossed  rather  obUquely  two  divisions  in  10  m. 
We  may  therefore  conclude  that  it  was  travelling  at  alx>ut  the 
rate  of  ^th  of  an  inch  in  45  minutes.  Wd  may  also  conclude 
fri:>m  these  and  the  previous  obfiepvatious,  that  the  seodliugs  of 
Phalaris  in  breakhiK  tbrongh  the  surface  of  the  soil  circnm- 
nutate  as  much  as  the  surrounding  pressure  will  permit.  This 
fiict  accounts  (as  in  tko  case  before  given  of  the  asparagus)  for 
a  circular,  narrow,  open  space  or  crack  beiJig  distinctly  vipih!o 
round  several  eeedlings  which  had  risen  through  very  fine 
argillacooua  sand,  kept  unifonnly  damp. 

^ea  mays  (Gramincaj).^A  glafifl  filament  was  fixed  obliquely 

to  the  summit  of  a  cotyledon, 
Kg.  51.  rising  2  of  an  inch  above  the 

ground ;  bnt  by  the  third  morn- 
ing it  had  grown  to  exactly 
thrice  this  height,  so  that  the 
distance  of  the  head  from  the 
mark  below  was  greatly  in- 
creased, consequently  the  trac- 
ing (Fig.  51)  was  much  more 
magnifietl  on  the  first  than  on 
the  second  day.  The  upi^Kir 
part  of  the  cotyledon  changed 
its  course  by  at  least  as  much 
as  a  rectangle  six  ttmeson  each 
of  tlie  two  days.  The  plant 
was  illuminated  by  an  obscure 
hght  from  vertically  above. 
This  was  a  necessary  precau- 
tion, as  on  the  previous  day  wo  had  traced  the  movements  of 
co^ledons  placed  in  a  deep  box,  the  inner  side  of  which  was 
ft^ebly  illuminated  on  one  side  from  a  distant  north-east  window, 
and  at  each  observation  by  a  wax  taper  held  for  a  minute  or 
two  on  the  same  side;  and  the  result  was  that  the  cotyledon* 
liiLvelled  all  liay  long  lo  this  side,  though  making  in  their  OQursc 
some  conspicuous  flexures,  from  wtilob  fact  alone  we  might  have 


A. 


Zvamaya:  circnmnutation  (}f  cotyie- 
c]oa,trac«iJ  od  hunxuntal  ^lf\i»,  from 
fl.'Ai)  A.M.  Feb.  4th  to  d  A.U.  6th. 
llovemcnt  cf  beni]  inagiiifiBd  oa  od 
■veraga  about  'lb  tirocK. 
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Fig.  52. 


ooaoluded  that  they  were  circumuutatiug;  bat  wo  thought  it 
adrisable  to  make  the  trociag  above  givou. 

Radides. — Glass  fllamcnta  were  ftxoJ  to  two  short  rudicle^ 
placed  80  ha  to  stAod  almost  upright,  ami  whilst  Iwnding  do^m 
wiuxls  through  geotropiem  their  courses  were  strongly  ziyzog 
&om  this  latter  ciri.-umstuuce  oircunicutntioa  might  have  lxH.'n 
inferred,  had  not  their  tips  become  slightly  withered  after  the 
first  2-1  h.,  though  they  wore  watered  and  tho  air  kept  vei7 
damp.  Niuo  rutlicles  were  next  arranged  iu  the  luauner 
formerly  described,  so  that  in  growing  downwards  they  left 
tracks  on  smoked  glass- plates,  inclined  at  various  angles  between 
45°  and  W  beneath  the  horizon.  Almost  every  one  of  these 
tracks  offered  ovideneo  in  their  greater  or  loss  breadth  in  dif- 
ferent parts,  or  in  little  bridges  of  soot  being 
left,  that  the  apex  had  come  alternately  into 
more  and  less  cloae  contact  with  the  glass.  In 
the  ocooiiipauying  figure  (Pif^.  o2)  we  hav« 
on  accurate  copy  of  one  such  track.  In  two 
instances  alone  (and  in  these  the  platefi  were 
highly  inclined)  there  waa  some  evidence  of 
slight  lateral  movement.  Wo  presume  therefore 
that  the  friction  of  the  apex  on  the  smokwl 
surface,  little  as  this  could  have  been,  sufficed 
to  check  the  movement  from  side  to  side  of  thege 
delicate  radicles. 

Avena  uuliva  (Gramineie). — A  cotyledon,  li 
inoh  in  height,  was  placed  in  front  -of  a  north- 
east window,  and  the  movement  of  tho  a]>Gx 
was  tiacod  on  a  horizontal  glass  during  two 
days.  It  moved  towards  the  light  in  u  slightly 
zig^-ag  lino  from  9  to  11.30  a.m.  on  October  irith  ;  it  then  moved 
a  little  Iwickwards  and  zigzagged  much  until  fi  p.m.,  after  wliich 
hour,  and  during  the  night,  it  continued  to  mnvo  towards  the 
window.  On  the  following  morning  the  same  movement  was 
cimtinuod  in  a  nearly  straight  lino  until  12.40  p.m.,  when  the  sky 
reiiiainod  nntil  2.35  extraordinarily  dai'k  from  thnnder- clouds. 
During  this  interval  of  1  h.  65  m.,  whilst  the  light  wa«  ohscuro, 
it  was  interesting  to  ohscrve  how  circumnutation  overcame 
lieliotrofosm,  for  the  apex,  inHtead  of  continuing  to  m-  <vc  toM'ards 
tho  window  in  a  slightly  zigzag  line,  reversed  its  course  four 
timoR,  making  two  small  narrow  ellipses.  A  diagram  of  tliis  case 
will  be  given  in  tho  chapter  on  Heliotropism. 


Zen  ntayi ;  truck 
U>rt  on  inclined 
amokeJ  glasi- 
I>lalc  l»y  tip 
of  railicte  iu 
growitigiinMrn* 
wadIh. 
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A  tJlamt'ul  was  noit  Bxed  to  a  cotyledon  only  i  of  iin  inch  in 
height,  which  was  illaminatod  exclusiyely  from  abore^  and  as 
it  was  kept  in  a  warm  greenhouse,  it  grew  rapidly;  and  now 
tbeie  could  Ije  no  doubt aboutitscircuEinutation. for itdescribed 
a  figure  of  8  as  well  as  two  Bmall  ellipses  in  fil  hours. 

^'eiihroditttn  moile  (Filioes). — A  seedling  fern  of  this  Bpecies 


fig.  53. 


./ 


came  up  by  chance  in  a  flower- 
pot near  its  parent.  The  frond, 
as  yet  only  slightly  lobed,  wns 
only  IG  of  an  inch  in  length  aud 
*2  in  brendth,  and  was  sapported 
on  a  rachiR  aa  fine  as  ft  hair 
and  '23  of  an  inch  In  height.  A 
Tory  thin  glass  filament,  which 
projected  for  a  length  of  -36  of 
an  inch,  wtis  fixed  to  the  end  of 
the  frond.  The  movement  was 
BO  liighly  magnified  that  the 
figure  (Fig.  53;  cannot  be  fully 
trusted ;  hut  tlio  frond  was 
conslautly  moving  in  a  compltx 
manner,  and  the  bead  greatly 
changed  its  course  eighteen  times  in  the  12  hours  of  observation. 
Within  half  iiu  hour  it  often  returned  in  a  line  almost  parallel 
to  its  fonner  course.  The  greatest  amount  of  movement  occurred 
U;twwn  4  and  ti  p.m.  The  drenranutu- 
tion  of  this  plant  is  interesting,  because 
the  species  in  the  genus  Lygodiuui  are 
well  known  to  circumnutate  conspicuously 
and  to  twine  round  any  neighbonring 
object. 

Selatfinelia  Krattssn  (?)  (Xiyeopodiacca;). 
circuiDUQUtion  uf  —A  vcry  young  pliint,  only  '4  of  an  inch 
joung  plant,  kept  in  jn  height,  had  sprung  up  in  a  jwt  in  the 
S^sTu-'to  10  p^  hot-house.  Au  extremely  fine  glass  fila- 
Oct.  sist.  ment  was  fixed  to  the  end  of  the  frond- 

like stem,  nnd  the  moToment  of  the  bead 
traced  on  a  horizontal  ghi.'^s.  It  changed  its  ronrs©  several 
times,  as  shown  in  Fig.  5-1,  whilst  observed  daring  13  h.  15  m., 
and  returned  at  night  to  a  jxiint  not  far  distant  from  that 
uboufe  it  hdd  startotl  in  the  inoniing,  There  can  bo  no  donbl 
■hat  this  little  plant  circumnutated. 


Utpfir-fJmm  tnallf .'  circunrautititin 
t-f  r*ry  young  fr<jnil,  traced  in 
darkness  on  hoiizoiitiil  gl«as, 
from  B  A  M.  tn  9.  KM.  Oct.  50th. 
Movemeut  of  b^atl  mngtiiHed  48 
times. 


Fig.  54. 

Sdagirtetla  h'rmimi  (?) : 
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CHAPTER  n. 

flnrCRAL  COHtilDKRATlONS  OM  TUB   McnEIIKim  AKD  OrOWTS   UT 

Seeolimg  Plants. 

GL'ncroItty  of  tho  cLn  iiuinatatiiig  morcmeDt— Radioles,  tiieir  ciroiim- 
Dutatiou  uf  aervice — Iilauuer  in  wliith  lliey  jiftiitftnile  llie  gTMUiid — 
Mftimer  in  wliicli  liypticotjU  and  oilier  organs  bn-nk  Ihhiiigh  Uifi 
ground  by  bcin;?  iirchcd — Singular  manner  uf  gerininntiou  In  Mcgar- 
rljiztt,  &c— Abortion  of  cot>lfduna—  Cirtumnutuliun  of  liypocntyla 
and  tpioutyla  whilat  still  buried  and  orcheil — Thtir  power  of 
straighlening  tiicniselvea— Bursting  of  the  B(  ed-conts  — Inlientod 
effect  of  tho  aicbiiig  process  in  hypuKean  bypucotyla  —  Circumnut.!- 
tiou  uf  bypcKx^tylB  and  epiootyls  wbert  erect — Ciicuniuut^itioa  of 
ootylednnn— Pulviiii  or  jninta  of  Tintyledona,  duration  of  tbL-ir 
activity,  raJimentaiy  iu  Ojcalis  eoruiuulala,  tbeir  developmeat — 
BonHitirt'nG^s  of  ootjlbdnns  to  ligUl  and  (•nn.tetjuent  diHUirlianco  of 
tbeir  periodic  movements — Senailivcncsa  ufcolylt  dflna  to  ooutact 

The  circmnnutating  moTements  of  the  several  part« 
or  organs  of  a  considerable  number  of  seedling  plants 
have  been  described  in  the  last  chapter.  A  list  is  here 
appended  of  the  Families,  Cohorts,  Sub-cliisses,  &c., 
to  which  they  belong,  arranged  and  numbered  ac- 
cording to  the  classification  adopted  by  Hooker.* 
Any  one  who  will  consider  this  list  will  see  that  tho 
young  plants  selected  for  observation,  fairly  represent 
the  whole  vegetable  series  excepting  the  lowest 
cryptogams,  and  the  movements  of  some  of  the  Inttci 
when  mature  will  hereafter  be  described.  As  nil  the 
seedlings  which  were  observed,  including  Conifers, 
Cycads  and  Ferns,  which  belong  to  the  most  ancient 


*  As  given  In  thu   'Oencral  System  of  Botany,'  by  Lo  Maoataud 
rt-cnUno,  1873. 
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^H             types   amongst,    plants,   were    contmnally   circumTm-         _■ 

^H            tatiug,  wu  may  lufcr  that  tbis  Idud  of  moTcmcut  ij          J 

^^M            common 

to  every  seedling 

species.                                    ^^H 

^■" 

BtJ^KiNODOH  I — Fb^enDgamouB  FlanU.                             ^^^H 

^H 

Class  I.— DlCOTfrF£>0NB.                                                ^^^1 

^H 

Sab-class  I 

—AngiosperrM.                                        ^^^H 

^^M 

Fftmily. 

^^H 

^H 

CrwuifeniB. 

It.  pAaitrrALES.                          ^^^| 

^^^H                                  39,  Ctirf(OpfiyUetB. 

17.  CAitroniTtxALUi,                   ^^^| 

^H 

Maivaocai. 

VL  M^LTALr^.                              ^^^^1 

^H 

OxaiidecB, 

Vll.   QEEtANULL^a.                                    ^^^1 

^H 

TrofXEi'lecf. 

DlTCO                                              ^^^H 

^^1 

AurantiacecB. 

Ditto                                ^^^H 

^^M 

Hippo&ietatuvs. 

X.  Sapikdalks.                          ^^^H 

^H 

Legttminosat. 

XI.    H03ALt£.                                              ^^^1 

^^v 

C'MCiirl'it  tccte. 

XII.    pAStJirLOFCALEB.                               ^^^^| 

^^1 

Ciictea 

XIV.   FlOOlPAUF^                                    ^^^H 

^H 

Composite. 

XVI].  AsTnALbS.                                ^^^1 

^^^ 

Primulacea. 

XX.    PuiUCLALta.                                     ^^^^1 

^^B 

Aaciepiadem. 

XXII.  UENTIAN'ALEa                                  ^^^| 

^^1 

CoAwlrulMta, 

XXIU     PoLEJtON  I  AL(2.                                ^^^H 

^H 

Jidrroi/inc^. 

Ditto                              ^^^| 

^^H 

Aolawfce. 

Drrro                              ^^^| 

^H 

Sotanco!, 

XXIV.    SOLANALB*.                                             ^^H 

^H 

C/KWf-'Ohfirtr. 

XXVIE.    ClIKNOIKMIIALVb                            ^^^H 

^^1 

Evph"rftiace(B. 

XXXn.    ICurilOKnJALEXL                                ^^^H 

^H 

Cuf./vlifercB, 

XXXVl.   QUBBNALBS.                                       ^^H 

^H 

Corylacea. 

Ditto                                 ^^^| 

^H 

Sub-rlaaa  II.- 

-GijmnonpertM.                                       ^^^H 

^H 

Ci>aife--tB. 

^^H 

^^B                          S24.  (^ctu^. 

^^1 

^H 

Cla^   II. — MONOCOTTLEDONS.                                            ^^^| 

^H 

Canit-icev 

AMOMALba                                         ^^^1 

^H 

LUiacciB. 

XI.                                         ^^^1 

^^1 

Asptinttjca 

DiTTU                                                     ^^H 

^H 

Qraminas. 

^'V.  Glumalur.                             ^^^H 

^H 

Suu-EiNniLviv  TI.-^r7i>tcg:araio  Pl&ats>                           ^^^H 

^H 

FOici's. 

F11.ICALS&                              ^^^1 

^^1 

Lyoopodiacca. 

Ditto                                 ^^^| 
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Uadicies, — la  all  the  germinating  aeeda  observed 
ri>y  us,  the  first  change  is  the  protrusion  of  tho 
radicle,  uhich  iiiimcdiatcly  btuds  dowuwanls  and 
emleavDura  to  peuL*trato  the  ground,  in  order  to 
effect  this,  it  is  almost  necessary  that  tho  seud  should 
.  be  pressed  donru  so  as  to  offer  some  resistance,  unless 
[indeed  the  soil  iif  extremely  loose ;  for  otherwise  tho 
seed  ia  lilted  up,  instead  of  the  radicle  peueti-ating 
'  the  surface.  JJut  seeds  often  get  covered  by  earth 
thrown  up  by  burrowing  quadrupeds  or  scratching 
birds,  by  the  castings  of  earth-worms,  by  heaps  of 
excrement,  the  decaying  branches  of  trees,  &c.,  and 
will  thus  be  pressed  down;  and  they  must  often  fall 
into  cracks  when  the  ground  is  dry,  or  into  holes. 
Even  with  seeds  lying  on  the  bare  surface,  the  tirst 
developed  root-haire,  by  becoming  attached  to  stones 
or  other  objects  on  the  surface,  are  able  to  hold  down 
the  npjter  part  of  the  radiclo,  wliilst  llie  tip  pene- 
trates tlie  ground.  Sachs  has  shown*  how  well  and 
closely  root-hairs  adapt  themselves  by  growth  to  the 
most  irregular  particles  in  the  soil,  and  become  firmly 
attached  to  them.  This  attachmf^nt  seems  to  be 
effected  by  the  softening  or  liquefaction  of  tho  enter 
surface  of  the  wall  of  the  hair  and  its  subsequent 
consolidation,  as  will  be  on  some  future  occasion 
more  fully  described.  This  intimate  union  plays  an 
important  part,  according  to  Saciis,  in  the  absorption 
fof  water  and  of  the  inorganic  matter  diasolved  in  it. 
The  mechanical  aid  afforded  by  the  root-hairs  in  pene- 
trating the  grouml  is  probably  only  a  secondary 
Bcrrice. 

'i'he  tip  of  the  radicle,  as  soon  as  it  protrudes  from 
the  seed-coats,  begins  to  circuninutate,  and  tho  wholo 


'  Phyaiologie  Vigiialu:  1808,  pp.  109.  205. 
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growing  port  continues  to  do  so,  probably  for  as  long 
as  growth  continues.  Tliis  movement  of  the  radicio 
has  been  described  in  Brasaica,  ^seiilus,  Phaaeoliia, 
Vicia,  Cucurbita,  Quercua  and  Zea.  The  probability 
of  its  occurrence  was  inferred  by  Sachs,*  from  radicles 
phiced  vertically  upwards  being  acted  on  by  geotro- 
pism  (which  we  likewise  found  to  ho  the  case),  for  if 
they  had  remained  absolutely  perpendicular^  the  attrac- 
tion of  gravity  could  not  have  caused  them  to  bend  to 
any  one  side.  Circumnutatiuu  was  observed  in  the  above 
specified  cases,  either  by  means  of  extremely  fine  fila- 
ments of  glass  affixed  to  the  radicles  in  the  manner 
previously  described,  or  by  their  being  allowed  to 
grow  downwards  over  inclined  smoked  glass-plates,  on 
which  they  left  their  tracks.  In  the  latter  cases  the 
serpentine  course  (see  Figs.  19,  21,  27,  41)  showed 
unequivocally  that  the  apex  had  continually  moved 
from  side  to  side.  This  lateral  movement  was  small 
in  extent,  being  in  the  case  of  Phaseolus  at  most 
about  1  mm.  from  a  medial  line  to  both  aides.  But 
there  was  also  movement  in  a  vertical  plane  at  right 
angles  to  the  inclined  glass-plates.  This  was  shown 
by  the  tracks  often  being  alternately  a  little  broader 
and  narrower,  due  to  the  radicles  having  altoruately 
pressed  with  greater  and  less  force  on  the  plates. 
Occasionally  little  bridges  of  soot  were  left  across  thn 
tracks,  shomng  that  the  apex  had  at  these  spots  been 
lifted  up.     This  latter  fact  was  especially  apt  to  occur 


♦  *  Ueber  daa  Waohathum  der 
Wurzflii :  Arhoitnii  {tu^  hot.  In- 
stitnta  in  W'lrzbnrg,'  Ht-ft  iii, 
187.%  p  ^liO  Tliirt  muniiir,  be- 
sides its  iiilritic>io  and  ^Ti'iit  iti- 
teraeft,  dcstTvos  Lo  be  studk-d  as  a 
Diodoi  of  0!Ari.'t'iiL  iiivesti^hitoii, 
uid  wti  »tiall  have  UL<cisir>n  to 
r«fiar  to  it  rcpeattidly.     Dr.  Fiank 


hfttl  previously  remarked  (*  BA 
tr'figf)  nir  Ptltui7:<-npby&iolni0ej 
18^8,  p.  81)  on  tiie  fact  nf  radicLa 
p^irnl  vt^rtiitiilly  tip«r&nU  being 
iK't  d  on  l>y  f;e<itropiBiii,  and  kq 
cxplflinud  iC  I  y  tl;e  auppn^itiui) 
thn-t  their  gr*  wlli  was  not  eqoaJ 
on  all  eideg. 
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when  the  radicle  instead  of  travelling  straight  dimn 
the  glass  made  a  semicircular  btnd ;  but  Fig.  52 
shows  that  this  may  oceur  when  the  track  is  rectilinear. 
The  apex  by  tliiis  rising,  was  in  one  instance  able  (o 
surmount  a  bristle  cemented  across  an  inclincil  glnss- 
plate ;  but  slips  of  wood  only  ^^  of  an  inch  in  thickness 
always  caused  the  radicles  to  bend  reetungularly  to 
one  side,  so  that  the  apex  did  not  rise  to  this  small 
height  in  opposition  to  geotropism. 

In  those  cases  in  which  radicles  with  attached  fila- 
ments were  placed  so  as  to  stand  up  almost  vertically, 
they  curved  downwards  through  the  action  of  geotro- 
pism,  circuninutating  at  the  same  time,  and  their 
courses  were  consequently  zigzag.  Sometimes,  how- 
ever, they  made  great  circular  sweeps,  the  lines  being 
likewise  zigzag. 

Badicles  closely  surrounded  by  earth,  even  when 
this  is  thoroughly  soaked  and  softened,  may  perhaps 
be  quite  prevented  from  circumntitating.  Yet  we 
should  remember  that  the  circumnutating  sheath-like 
cotyledons  of  Pfaalaris,  tbe  hypocotyls  of  Solanum, 
'  and  the  epicotyls  of  Asparagus  formed  round  them- 
selves little  circular  cracks  or  furrows  in  a  superfioiul 
layer  of  damp  argillaceous  sand.  They  were  also 
able,  as  well  as  the  hypocotyls  oi"  Brassica,  to  f<inn 
straight  furrows  in  damp  sand,  whilst  circmmnutatiag 
and  bending  towards  a  lateral  light.  In  a  future 
chapter  it  will  be  shown  that  the  rocking  or  circuni- 
mitating  movement  of  the  flower-heads  of  Tri/olium 
tubterraneum  aids  them  in  burying  themselves.  It  is 
therefore  probable  that  the  circumnutation  of  the  tip 
of  the  radicle  aids  it  slightly  in  penetrating  tlie 
ground ;  and  it  may  be  observed  in  several  of  the 
previously  given  diagrams,  that  the  movement  is 
more  strongly  pronounced  in  radicles  w^hcn.  they  first 
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prutmdo  irnm  the  seed  than  at  a  tather  later  period ; 
bat  wlietber  this  is  an  accidental  or  an  adaptive 
coincidence  we  do  not  pretend  to  decide.  Never- 
theless, when  ytmng  radicles  of  Phaseolus  multiflortis 
were  fixed  vertically  close  over  damp  sand,  iu  the 
expectation  that  as  soon  as  tUcy  reached  it  they 
wonld  fofQi  circular  furrows,  this  did  not  occur, — a 
tact  which  may  be  accounted  for,  as  we  believe,  by 
the  furrow  being  filled  up  as  soon  as  formed  by  the 
rapid  increase  of  thickness  in  the  ajies  of  the  radicle. 
Whether  or  not  a  radicle,  when  surrounded  by  soft- 
ened earth,  is  aided  in  forming  a  piissaj:^o  for  itself 
by  circumnutating,  this  movement  can  hardly  fail 
to  be  of  high  im]x*rtance,  by  guiding  the  radicle 
alimg  a  line  of  least  resistance,  as  will  be  seen  in  Iho 
next  chapter  when  we  treat  of  the  sensibility  of  the 
tip  to  cont^^ct.  If,  however,  a  radicle  in  its  down- 
ward growth  breaks  obliquely  into  any  crevice,  or  a 
hole  left  by  a  decayed  root,  or  one  made  by  the 
larva  of  an  insect,  and  more  especially  by  worms,  the 
circum nutating  movement  of  the  tip  will  materially 
aid  it  in  following  such  open  passage ;  and  we  have 
observed  that  roots  commonly  run  down  the  old 
burrows  of  worms,* 

When  a  radicle  is  placed  in  a  horizontal  or  inclined 
position,  the  terminal  growing  part,  as  is  well  known, 
bends  down  towards  the  centre  of  the  earth;  and 
8aehs  t  has  shown  that  whilst  thus  bending,  the  growth 
of  the  lower  surface  is  greatly  retarded,  whilst  that 


•  Sco.nlao,  Vwf.  [JcnBoii'sftnto- 
nieiit«  {' Zi'iLsdiiift  fiir  Wisseii, 
Zool.,"  B.  xxviii.  p.  3M.  1K77)  to 
Die  8;iiii«  cfTttii.  Hu  g<>OH  itu  far 
38  to  l>e3<PVf!  that  roL-ts  are  able 
lo  peiietrati'  tlm  jrroimrl  to  n  greiit 
dcpUk  niily  hy  tueatia  of  llie  bur- 


rovB  made  1>y  worroH. 

t  '  ArbL'itL-n  (lea  bot  Inst. 
■Wilrzburg.'  vol.  i.  1873,  p.  401. 
Btw  at-o  p.  '.\W1  r»r  tlio  Icnf^ih  of 
tlie  growing  pari,  and  p.  451  oa 
the  lorce  of  g:cotroiiifin. 
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of  tbe  upper  surface  continues  at  tlie  normul  mte, 
or  may  be  even  somewliat  intTeiised.  lie  lias  further 
shown  by  attaching  a  thread,  running  over  a  pulh^y, 
to  ft  horizontal  nuliclc  of  Urge  si/e,  uiuiiely,  that 
of  the  common  bean,  that  it  was  able  to  pull  up  a 
weight  of  only  one  gramme,  or  15-4  grains.  We  m^ay 
therefore  conclude  tliat  geotropism  docs  not  give  a 
radicle  force  sufficient  to  penetrate  the  ground,  but 
merely  tells  it  (if  such  an  expression  may  be  used) 
which  course  to  piirsue.  Before  we  knew  of  Sachs' 
more  precise  observations  we  covered  a  flat  surface  of 
damp  sand  with  the  thinnest  tin-foil  which  we  could 
procure  (-02  to  -03  mm.,  or  -00012  to  '00079  of  an  inch 
in  thickness),  and  placed  a  radicle  close  above,  in  such 
a  position  that  it  grew  almost  perpendicularly  down- 
wards. When  the  apex  came  into  contact  with  the 
polished  lerel  surface  it  turned  at  right  angles  and 
gli<led  over  it  without  lea^nng  any  impression;  yet 
the  tin-foil  was  so  flexible,  that  a  little  stick  of  soft 
wood,  pointed  to  the  same  degree  as  the  end  of  the 
radicle  and  gently  loaded  with  a  weight  of  only  a 
<^uarter  of  an  ounce  (120  grains)  plainly  indented  the 
tin-foil. 

Radicles  are  able  to  penetrate  the  ground  by  the 
force  due  to  their  longitudinal  and  transverse  growth ; 
the  seeds  themselves  being  held  down  by  the  weight 
of  the  superincumbent  soil.  In  the  caae  of  the  bean 
the  apex,  protected  by  the  root-cap,  is  sharp,  and 
the  growing  part,  from  8  to  10  mm.  in  length,  is 
much  more  rigid,  as  Sachs  has  proved,  than  the  part 
immediately  above,  which  has  ceased  to  increase  in 
length.  We  endeavoured  to  ascertain  the  downward 
pressure  of  the  growing  part,  by  placing  germinating 
beans  between  two  small  metal  plates,  the  upper  one 
of  which  was  loaded  with  a  known  weight ;  and  the 


74 


ACTION  OF   THE   RADICLE. 


Chap.  IL 


radicle  was  then  allowed  to  grow  into  a  narrow  hole  in 
wood,  2  or  3  tenths  of  an  inch  in  depth,  and  closed  at 
the  bottom.  The  wood  was  so  cut  that  the  short  space 
of  radicle  between  the  mouth  of  the  hole  and  the 
bean  could  not  bend  laterally  on  three  sides ;  but  it 
was  impossible  to  protect  the  fourth  side,  close  to 
the  bean.  Consequently,  as  long  as  the  radicle  con- 
tinued to  increase  iu  length  and  remained  straight, 
the  weighted  beau  would  be  lifted  up  after  the  tip 
had  reached  the  bottom  of  the  shallow  hole.  Beans 
thus  arranged,  surrounded  by  damp  sand,  lifted  up  a 
quarter  of  a  pound  in  24  li.  after  the  tip  of  the 
radicle  had  entered  the  hole.  With  a  greater  weight 
the  radicles  themselves  always  became  bent  on  the  one 
unguarded  side;  but  this  probably  would  not  have 
occurred  if  they  had  been  closely  surrounded  on  all 
sides  by  compact  earth.  There  was,  however,  a 
possible,  but  not  probable,  source  of  error  in  these 
trials,  for  it  was  not  ascertained  whether  the  beans 
themselves  go  on  swelling  for  several  days  after  they 
have  germinated,  and  after  having  been  treated  in 
the  manner  in  which  ours  had  been ; 
namely,  being  first  loft  for  24  h.  in 
water,  then  allowed  to  germinate  in 
very  damp  air,  afterwards  placed  over 
the  hole  and  almost  surrounded  by 
damp  sand  in  a  closed  box. 

We  succeeded  better  in  ascertaining 
the  force  exerted  transversely  by  these 
radicles.  Two  were  so  placed  a-s  to 
penetrate  small  holes  made  in  little 
sticks,  one  of  which  was  cut  into  the 
shape  here  exactly  copied  (Fig.  55). 
The  short  end  of  the  stick  beyond 
the  hole  was  purposely  split,  but   not  the  opposite 


riR.  55. 


Outline  of  piece  of 
stick  (reduced  to 
OD'U-hiilf  Datum! 
size)  with  a  liole 
thi-ouRh  whicli 
the  ra<iic1c  of  a 
bean  grew.  Thick- 
BCH  of  stiuk  at 
nairovr  eml  *0d 
iach,  at  bruai  ead 
•16;  dej'lli  of 
faolft  '  I  inch. 
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end.  As  the  wood  was  liighly  ulastic,  the  split  oi 
tiisure  closed  immediately  niter  being  mu<le.  After 
six  days  the  stick  and  bean  were  dug  out  of  the  damp 
eaud,  and  the  radicle  was  found  to  be  much  enlarged 
I  above  and  beneath  the  hola  The  fissure,  nhiuli  was 
I  at  first  quite  closed,  was  now  open  to  a  width  of 
4  mm. ;  a5  soon  as  the  radicle  was  extracted,  it  imn..e- 
iliately  closed  to  a  width  of  2  mm.  The  stick  was 
then  suspended  horizontally  by 
k  fine  wire  passing  through  the 
liole  lately  filled  by  the  radicle, 
aud  a  little  saucer  was  ans- 
jHiuded  beneath  to  receive  the 
tveighta ;  and  it  required  8  lbs. 
8oas.  to  open  the  fissure  to  the 
ttidth  of  4  mm. — that  is,  the 
width  before  the  root  was  ex- 
tracted. But  the  part  of  the 
mditde  (only  '1  of  an  inch  in 
length)  which  was  embedded  in 
the  bole,  probably  exerted  a 
greater  tninsvorse  strain  even 
than  8  lbs.  8  ozs.,  for  it  had  split 
the  solid  wood  for  a  length  of 
rather  more  than  a  quarter  of 
an  inch  (exactly  •275  inch ),  and 
this  fissure  is  shown  in  Fig.  55.   ^owie"  pinteTn,  k«pt  dosed  by 

,  1       •    t  •     1  •        I  A  !ipiiMl  braxs  siiriui*,  with  n 

A.  second  stick  was  tried  in  tiie 

same  manner  with  almost  ex- 
[  tctly  the  same  result. 
I     We  then  followed  a  better 

plan.     Holes   were  bored  near 

d»c  narrow  end  of  two  wooden  clips  or  pincers  (Fig.  i5G), 

kept  closed  by  brass  spiral  springs.  Two  radicles  in  damp 
1  were  allowed  to  grow  through  these  boles.     The 


hole  ('  14-  inrh  in  iliitiTiiiler 
nui  6  inch  rn  depth)  Ixtreii 
(hroiigH  Ihe  narrow  clo^pil 
I>art,throngli  which  arnrlicle 
of  a  beiLU  was  ftllmveil  to 
grow.    Tem|).  50^-tiU®  F. 
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pincers  rested  on  glass-plates  to  lessen  the  friction  from 
the  sand.  The  hules  were  a  little  larger  (viz.  '14  inch) 
and  considerably  deeper  (viz.  '6  inch)  than  in  the 
trials  with  the  sticks;  so  that  a  greater  length  of  a 
rather  thicker  radicle  exerted  a  transverse  strain. 
After  13  days  they  were  taken  up.  The  distance  of 
two  dots  (see  the  figure)  on  the  longer  ends  of  the 
pincers  was  now  carefully  measured ;  the  radicles  were 
then  extracted  from  the  holes,  and  the  pincers  of 
course  closed-  They  were  then  suspended  horizontally 
in  the  same  manner  as  were  the  bits  of  sticks,  and  a 
weight  of  1500  grams  (or  3  lbs.  4  ozs.)  was  necessary 
with  one  of  the  pincers  to  open  them  to  the  same 
extent  as  had  been  effected  by  the  transverse  growth 
of  the  radicle.  As  soon  as  this  radicle  had  slightly 
opened  the  pincers,  it  had  grown  into  a  flattened  form 
and  had  escaped  a  little  beyond  the  hole;  its  diameter 
in  one  direction  being  4*2  mm.,  and  at  right  angles 
3'5  mm.  If  this  escape  and  flattening  could  have 
been  jjrevented,  the  radicle  would  probably  have 
exerted  a  greater  strain  than  the  3  lbs.  4  ozs.  With 
the  other  pincers  tlie  radicle  escaped  still  further 
out  of  the  hole ;  and  the  weight  required  to  open 
them  to  the  same  e.Ktent  as  had  been  effected  by  the 
radicle,  was  only  600  grams. 

With  these  facts  before  us,  there  seems  little  diffi- 
culty in  understanding  how  a  radicle  penetrates  the 
ground.  The  apex  is  pointed  and  is  protected  by 
the  root-cap ;  the  terminal  growing  part  is  rigid,  and 
increases  in  length  with  a  force  equal,  as  far  as  oni 
observations  can  be  trusted,  to  the  pressure  of  at  least 
a  quarter  of  a  {x>und,  probably  with  a  much  greater 
force  when  prevented  from  l>ending  to  any  side  by  the 
BUrrounding  eurtb.  Whilst  thus  increasing  in  length 
it   increases    iu   thickness,    pushing   away   the   damp 
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eartb  on  all  aides,  with  a  force  of  above  8  pounds  in 
one  case,  of  3  pounds  in  another  ciise.  It  was  impos- 
sible  to  decide  whether  the  actuul  apex  exerts,  relatively 
to  its  diameter,  the  same  transverse  strain  as  the  parts 
a  little  higher  up  ;  but  there  seems  no  reason  to  doubt 
that  this  would  be  the  cose.  The  growing  part  there- 
lore  does  not  act  like  a  nail  when  hammered  into  a 
tx>ard,  but  more  like  u  wcdgo  of  wood,  which  whilst 
slowly  driven  into  a  crevice  continutiUy  expan<ls  at 
the  same  time  by  the  absorption  of  water;  and  a 
wedge  thus  acting  will  split  even  a  muss  of  rock. 

Manner  in  which  Hifpocotyh,  Epicotyls,  Ac^  rite  up 
and  break  through  tfie  ground. — After  the  radicle  haH 
penetrated  the  ground  and  fixed  the  seed,  the  hypo- 
cotyls  of  all  the  dicotyle<lonous  seedlings  observed  by 
us,  wfiich  lift  their  cotyledons  above  the  surface,  break 
through  the  ground  in  the  form  of  tin  arch.  When 
the  cotyledons  are  hypogean,  that  is,  remain  buried  in 
the  soil,  the  hypocotyl  is  hardly  developed,  and  the 
epicotyl  or  plumule  rises  in  like  manner  as  an  arch 
through  the  ground.  In  all,  or  at  least  in  most  of  such 
cases,  the  downwardly  bent  apex  remams  for  a  time 
enclosed  within  the  seed-coats.  With  Coryhis  av^ 
Una  the  cotyledons  are  hypoj^wan,  and  the  epicotyl 
is  arched;  but  in  the  pitrticulur  case  described  in 
thfl  last  chapter  its  apex  had  been  injured,  and  it 
grew  laterally  through  the  soil  like  a  rt>ot;  and  in 
consequence  of  this  it  had  emitted  two  secoudaty 
shoots,  which  likewise  broke  through  the  ground  aa 
arches. 

Cyclamen  does  not  produce  any  distinct  stem,  and 
oaly  a  single  cotyledon  appears  at  first;*  its  petiole 


•  Tblfliatheoonrluaion  Brrived 
ftt  by  Ur.  H  iircsimnr  ('Itot. 
Ziliiiu^."  1871,  p.  837)  whu 
BtatQtaiuft    tUat  wliat    bos  beoa 


considrnd  hy  cithpr  bntHnt^ts  as 
Ihn  lint  truii  luaf  i^  rc«ll.v  the 
stoond  ('PtyleilnTi,v,'liii'li  io  greatly 
di^Iayed  iu  its  iievcl>j|)iiiuu(. 
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UTcaks  ULiough 

Fig.  6V. 


Cjfclftnen 

sertlling, 
largftit : 
cotyltfiltJii. 


the  gronnd  as  an  arch  (Fig.  57). 
Abronia  also  has  only  a  single  fully 
developed  cotylodun,  but  in  tliia 
case  it  is  the  hypocotyl  which  firs 
emerges  and  is  arched.  A^Tonii 
vmheUatOf  however,  presents  thia 
peculiarity,  that  the  enfolded  blade 
of  the  one  developed  cotyledon 
(with  the  enclosed  endosperm) 
whilst  still  beneath  the  surface  bus 
its  apex  upturned  and  parallel  to 
the  descending  leg  of  the  arched 
hypocotyl  ;  but  it  is  druj^ged 
out  of  the  ground  by  the  con- 
tinued growth  of  the  hypowityl, 
with  the  apex  pointing  downward. 
With  Ct/ca6  pectinata  the  cotyledons  are  bypogean, 

and  a  true  leaf  first  breaks 
through  the  ground  with 
its  petiole  forming  an 
arcb. 

In  the  genus  Acanthus 
the  cotyledons  are  likewise 
hyj)ogean.  In  A.  mollis, 
a  single  leaf  first  breaks 
through  the  ground  with 
its  petiole  arched,  and  with 
the  opposite  leaf  much  less 
developed,  short,  straight, 
of  a  yellowish  colour,  and 
with  the  petiole  at  first  not 
half  as  thick  as  that  of  the 
other.     The     undeveloped 


Fcrticum  : 
ligcru  en- 
',  bladfi  uf 
Dnt  yet 
.ipiiQdoi,  with  arched 
^eti»I«  bt^iocing  to 
atniigbten  itwilf;  A, 
hypocotyl  developed 
intoacvrm;  r,se*:Dud- 
ary  radiclts. 


Kig.  58. 


isanlhusmoliis:  wedling,  with  the 
hypcgvan  culj'lfcdun  on  th^  near 
side  ivninved  and  the  radicles  cut 
off:  I',  blade  of  first  leaf  begin- 
aiiig  turxpand,  with  petiole  titill 
jailinlly  arched;  \  secr.nd  and 
opposite  Itaf,  an  yet  very  imprr- 
feitly  developed;  c,  hypogcaii 
«otyleduuou  the  opposite  aide. 


leaf  is  protected  by  staml- 
ing  beueatli  its  arched  fel- 
low; and  it  is  an   instnic 
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tire  fact  that  it  is  not  arched,  as  it  has  not  to  foroo 

for  itsolf  a  j»assagn  through  the  ground.  In  the  acconi* 
panying  sketch  (Fig.  58)  the  petiole  of  the  first  leaf 
ins  alremly  prtrtially  straightened  itself,  and  the  blade 
is  beginning  to  unfold.  The  small  second  leaf  ulti- 
^L  mately  grows  tu  an  ei^ual  size  with  tlie  first,  but  this 
^1  fnwess  is  eflectod  at  very  different  rates  in  ditTerent 
^P  individuals :  in  one  instance  the  second  leaf  did  not 
"  appear  fully  above  the  ground  until  six  weeks  after  the 
I  first  leaf.  As  the  leaves  in  the  whole  family  of  the 
I  Acanthacea:  stand  either  opposite  one  another  or  in 
whorls,  and  as  these  are  of  equal  size,  the  great  in- 

I  etjUrtliiy  between  the  first  two  leaves  is  a  singular  fact. 
We  can  see  how  this  inequality  of  development  and 
the  arching  of  the  petiole  could  have  been  gradually 

II  w-quired,  if  they  were  beneficial  to  the  seedlings  by 
^Kiiivouring  their  emergence  ;  for  with  A.  catidclubrum^ 
^^ Bpinosus J  ami  laiifoliiui  there  was  great  variability  in  the 

inequality  between  the  two  Jirst  leaves   and  in  the 

arching  of  their  petioles.     In  one  seedling  of  -.l.  «i;i- 

ielabrunx  the  first  leaf  was  arched  and  nine  times  as 

long  as  the  second,  which  latter  consisted  of  a  mere 

little,  yellowish-white,  straight,  hniry  style.     In  other 

iccdlings  the  difference  in   length  between  the  two 

I      leaves  was  as  3  to  2,  or  as  4  to  3,  or  as  only  ■  76  to 

^K'62  inch.    In  these  latter  cases  tlm  first  and  taller  leaf 

^nras  not  properly  arched.     Lastly,  in  another  seedling 

^^^cre  was  not  the  least  difference  in  size  between  the 

^iwo  first  leaves,  and  both  of  them  had  their  petioles 

straight ;   their  lamin.'c   were    enfolded    and   pressed 

agwnst  each   other,   forming  a  lance  or   wedge,  by 

which  means  they  had   broken  through   the  ground. 

Therefore  in  different  individuals  of  this  same  species 

•  of  Acanthus  the  first  pair  of  leaves  breaks  throwgh 

rliie  ground  by  two  widely  rlifferent  methods;  and  i< 
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either  had  proved  decidedly  advantageous  nr  disad- 
vantageous, one  of  them  no  doubt  would  soon  have 
prevailed. 

Asa  Gray  has  described  *  the  peculiar  manntT  of  ger- 
mination of  three  widely  different  plants,  in  which  the 
hypocotyl  is  hardly  at  all  developed.  These  were  there- 
fore observed  by  us  in  relation  to  our  present  subject. 

Ddphiniuni  ntidicaule, — The  elongated  petioles  of 
tlie  two  cotyledons  are  confluent  (as  are  sometimes 
their  blades  at  the  base),  and  they  break  through  the 
ground  as  an  arch.  They  thus  resemble  in  a  most 
deceptive  manner  a  hypocotyl.  At  first  they  are 
solid,  but  after  a  time  become  tubular  ;  and  the  basal 
part  beneath  the  ground  is  enlarged  into  a  hollow 
chamber,  within  which  the  young  leaves  are  developed 
without  any  prominent  plumule.  Externally  root- 
haira  are  formed  on  the  confluent  petioles,  cither  a 
little  above,  or  on  a  level  w!th»  the  plumule.  Tlie 
first  leaf  at  an  early  period  of  its  growth  and  whilst 
within  the  chamber  is  quite  straight,  but  the  i>etiole 
soon  becomes  arched ;,  and  the  swelling  of  this  part 
(and  probably  of  the  blade)  splits  open  one  side  of 
the  chamber,  and  the  leaf  then  emerges.  The  slit 
wa3  found  in  one  case  to  be  3-2  mm.  in  length,  and 
it  is  seated  on  the  line  of  confluence  of  the  two 
petioles.  The  leaf  when  it  first  oac^pes  from  the 
chamber  is  buried  beneath  the  ground,  and  now  an 
upper  part  of  the  petiole  near  the  blade  becomes 
arched  in  the  usual  manner.  The  second  leaf  comes 
out  of  the  silt  either  straight  or  somewhat  arched,  but 
afterwards  the  upper  part  of  the  petiole,^ — certainly  in 
Bome,  and  we  believe  in  all  ojjses, — arches  itself  whilal 
forcing  a  passage  through  the  soil. 


«  •  Botanical  Text-Boek/  1879,  p.  38. 
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Uegarrhiza  Caltfomiea, — The  cotyledons  of  tliia 
Gourd  never  free  themselves  from  the  seed-coats  and 
are  hypogean.  Their  potidles  are  completely  con- 
Huent,  forming  a  tube  which  terminates  downwards 
in  a  little  solid  point,  consisting  of  a  minute  radicle 
and  hypocotyl,  with  the  likewise  minute  plumule 
enclosed  within  the  base  of  the  tube.  This  stnicture 
was  well  exhibited  in  an  abnormal  specimen,  in  which 
one  of  the  two  cotyledons  failed  to  produce  a  petiole, 
whilst  the  other  produced  one  consisting  of  an  open 
semicylinder  ending  iu  a  sharp  point,  formed  of  the 
|iarts  just  described.  As  soon  as  the  confluent 
petioles  protrude  from  the  seed  they  bend  down,  aa 
they  are  strongly  geotrupic,  and  penetrate  the  ground. 
The  seed  itself  retains  its  original  position,  either 
on  the  surface  or  buried  at  some  depth,  as  the  case 
may  be.  If,  however,  the  point  of  the  confluent 
petioles  meets  with  some  obstacle  in  the  soil,  as 
appears  to  have  occurred  with  the  soo<lliugs  described 
and  figured  by  Asa  Gray,*  the  cotyledons  are  lifted 
np  above  the  ground.  The  petioles  are  clothed  with 
root-hairs  like  those  on  a  true,  radicle,  and  they 
likewise  resemble  radicles  in  becoming  brown  when 
immersed  in  a  Bt>lutiun  of  permanganate  of  potassium. 
Our  seeds  were  subjected  to  a  high  temperature,  anil 
ill  the  course  of  three  or  four  days  the  petioles  pene- 
trated the  soil  perpendicularly  to  a  deptli  of  from 
2  to  2^  inches ;  and  not  until  then  did  the  true 
ladiclo  begin  to  grow.  In  one  specimen  which  was 
closely  observed,  the  petioles  in  7  days  after  their 
first  protrusion  attained  a  length  of  2J  inches,  and  the 
radicle  by  this  time  had  also  become  well  developed. 
The  plumule,  still  enclosed  within  the  tube,  was  now 


♦  'American  Jonmal  of  Scienoe,'  vol.  xiv.  1877,  p.  >1. 
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'H  iocli  in  length,  and  waa  quite  straight ;  but  from 
having  increased  in  thiekr.ess  it  had  just  begun  to 
bplit  iipeu  the  lower  part  of  the  petioles  on  one  side, 
along  the  line  of  their  couflueuce.  By  the  following 
morning  the  upper  part  of  the  plumule  had  arched 
itself  into  a  right  angle,  and  the 
convex  side  or  elbow  had  thus  been 
forced  out  through  the  slit.  Here 
then  the  arching  of  the  plumule 
plays  the  same  part  as  in  the  case  oi 
tlie  petioles  of  the  Delphinium.  As 
the  plumule  continued  iv  grow,  the 
tip  became  more  arched,  and  in 
the  course  of  six  days  it  emerged 
through  the  2  J  inches  of  superin- 
cumbent soil,  still  retaining  its 
arched  form.  After  reaching  the 
surface  it  straightened  itself  in  the 
usual  manntT.  In  the  accompany- 
ing figure  (Fig.  58,  A)  we  have  a 
sketch  of  a  seedling  in  this  ad- 
vanced stute  of  development;  the 
surface  of  the  ground  being  re- 
presented by  the  line  G G. 

The  germination  of  the  seeds  in 
Mdticwt  to  one-Lnif  their  nativc  Californian  home  pro- 
ll'i  :e,l-«;uT;:  ceedsbamther  different  manner. 
iho    two    contJuent  as   we   infer  from   an    interesting 

jIJcMyl'a^nrrndidn    ^^^^^^   ^^^  ^^'  '^'^^^^^h   SOUt    tO  US 

p/,  plumule;  <; (/,  \jy  J'rof.  Asa  Gray,     The  petioles 

protrude  from  the  seeds  soon  aft^r 
the  autumnal  rains,  and  penetrate  the  ground,  generally 
in  a  vertical  direction,  to  a  depth  of  from  4  to  even 
6  inches.  They  were  found  in  this  state  by  Mr. 
Rattan  during  the  Christmas  vacation,  with  the  plu- 


Sfifftv  rfiiza  Cidifornlcfi  : 
aketi'h  of  seeJtiui^, 
copied  from  Asa  QraT* 
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mules  still  enclosed  i^-itliin  the  tubes;  and  he  remArka 
that  if  the  plumulea  had  Iwen  at  once  developed  and 
had  reached  the  surface  (as  cxicurred  with  our  seeds 
ffhich  were  exposed  to  a  high  temperature),  they 
would  surely  have  been  killed  by  the  frost.  As  it  is 
they  lie  dormant  at  some  depth  beneath  the  surface, 
and  are  thus  protected  from  the  cold  ;  and  the  root- 
liairs  on  the  petioles  would  supply  them  with  sufficient 
moisture.  We  shall  hereafter  gee  that  many  seefllinga 
are  protected  from  frost,  but  by  a  widely  ilifierent 
process,  namely,  by  being  drawn  beneath  the  surftu-e 
by  the  contraction  of  their  rntlicles.  We  may,  how- 
ever, believe  that  the  extraordinary  manner  of  germi- 
nation of  Megarrhiza  has  another  and  secondary 
advantage.  The  radicle  begins  in  a  few  weeks  to 
enlarge  into  a  little  tuber,  which  then  abounds  with 
starch  and  is  only  slightly  bitter.  It  would  therefore 
be  very  liable  to  be  devoured  by  animals,  were  it  not 
protected  by  being  buried  whilst  young  and  tender,  at  a 
depth  of  some  inches  beneath  the  suriace.  Ultimately 
it  grows  to  a  huge  size. 

Ipofttoea  hptophylla. — In  most  of  the  species  of  this 
genus  the  hypocotyl  is  well  developed,  and  breaks 
through  the  ground  as  an  arch.  But  the  seeds  of  the 
present  species  in  germinating  behave  like  those  of 
Megarrhiza,  excepting  that  the  elongated  petioles  of 
the  cotyledons  are  not  confluent.  After  they  have 
proti-uded  from  the  seed,  they  are  united  at  their 
lower  ends  with  the  undeveloped  hypocotyl  and  un- 
developed radicle,  which  together  form  a  point  only 
about  ■!  inch  in  length.  They  are  at  first  highly 
geotropic,  and  j>pnetnite  the  ground  to  a  depth  of 
rather  above  half  au  inch.  The  radicle  then  begins 
to  grow.  On  four  occasions  after  the  petioles  had 
grown  for  a  short  distance  verticiilly  downwards,  they 
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wore  placed  in  a  horizontal  position  in  damp  air  in  ihP 
dark,  and  in  thu  cuur.se  ut'  4  liours  tliey  again  became 
curved  vertically  doMiwarda,  liaviujj  passed  through 
90^"  in  this  time.  But  their  sensitiveness  to  geotropism 
lasts  for  only  2  or  3  days;  and  the  terminal  part 
alone,  for  a  length  of  between  '2  and  '4  inch,  is  thus 
sensitive.  Although  the  petioles  of  our  specimeua 
did  not  penetrate  the  ground  to  a  greater  depth  than 
about  i  inch,  yet  they  continued  for  some  time  to  gi*ow 
rapidly,  and  iinalJy  attained  the  great  length  of  about 
y  inches.  The  upper  part  is  apogeoti-opic,  and  there- 
fore grows  Tertically  upwards,  excepting  a  short 
portion  close  to  the  blades,  which  at  an  early  periofi^ 
bends  downwards  and  becomes  arched,  and  thoiH 
breaks  through  the  ground.  Afterwards  this  portion 
Btraightens  itself,  and  the  cotyledons  then  free  them- 
selves  from  the  seed-coats.  Thus  we  here  have  U|^| 
diffei-ent  parts  of  the  same  organ  widely  dLfferent  kinds 
of  movement  and  of  sensitiveness;  for  the  basal  j>art 
is  geotropic,  the  upper  part  apageotropic.and  a  portion 
near  the  blades  temporarily  and  spontaneously  arches 
itself.  The  plumule  is  not  developed  for  some  little 
time ;  and  as  it  rises  between  the  bases  of  the  parallel 
and  closely  approximate  petioles  of  the  cotyledons, 
which  in  breaking  through  the  ground  have  formed  an 
almost  open  passage,  it  does  not  require  to  be  arched  and 
IS  consequently  always  straight.  Whether  the  plumide 
remains  buried  and  dormant  for  a  time  in  its  native 
country,  and  is  tluis  protected  from  the  cold  of  winter, 
we  do  not  know.  The  radicle,  like  that  of  the  Megar- 
rhiza,  grows  into  a  tuber-like  mass,  which  ultimately 
attains  a  great  size.  So  it  is  with  Iponwea  jmndurata^ 
the  germination  of  which,  as  Asa  Gray  informs  u^^ 
resembles  that  of  I.  leptophylla,  f^^ 

The  following  case  is  interesting  in  connection  with 


C&AT.n       BREAKING  TimotOU  THE  GBOUXD. 


85 


the  root-like  nature  of  the  petioles.  The  radicle  of  a 
aeedling  was  cut  off,  as  it  was  coiuplctcly  decayed, 
m<\  the  two  now  sepanited  eotylodoiia  were  phintod. 
They  emitted  roots  from  their  bases,  and  continued 
Kroen  and  healthy  for  two  months.  The  blades  of 
toth  then  withered,  and  on  remoniig  the  earth  the 
ttwes  of  the  petioles  (instead  of  the  radicle)  were 
found  enlarged  into  littlo  tubers.  Whether  these 
would  have  had  the  power  of  producing  two  in- 
depnndent  plants  in  the  following  summer,  we  do  not 
know, 

la  Quercus  virenSy  according  to  Dr.  Engelmann,* 
both  the  cotyledons  and  their  petioles  are  confluent. 
Ihe  latter   grow  to  a  length   "of  an   inch  or  even 
more;"  and,  if  we  understand  rightly,  penetrate  the 
ground,  so  that  they  must  be  gootropic.     The  nutri- 
ment within  the  cotyledons  is  then  quickly  transferred 
to  the  hypocotyl  or  radicle,   which    thus    becomes 
developed     into    a    fusiform    tuber.      The    fact    ot 
hjKr?rs  being   formed  by  the  foregoing  three  widely 
"iistinct  plants,  makes  us  believe  that  their  protection 
from  animals  at  an  early  age  and  whilst  tender,  is  one 
at  least  of  the   advantages   gained   by   the   remark- 
able elongation  of  the   petioles  of  the    cotyledons, 
^>gether  with  their  power  of  penetrating  the  ground 
like  roots  under  the  guidxtnce  of  geotropism. 

The  following  cases  may  be  here  given,  as  they  bear 
On  our  present  subject,  though  not  relating  to  seed- 
lings.     The    flower-stom  of   the    parasitic    Lathrtea 
^uaiiuiria,  which  is  destitute  of  true  leaves,  breaks 
^hrough  the  ground  as  an  arch  ;t  so  docs  the  flower- 


*  *TrAiu«ot  Bt.  Louis  Acad. 

^ien<«,'  vol.  IT.  p,  190. 

t  I'tia  pasaitgG  of  the  flower- 
*tnn  tif  die  Lttthnua  Uirouj^h  tUu 


ground  cnnnot  fnil  In  bo  ffr8n0> 
fiicilitoted  by  tlio  ixtrn-nlinar/ 
qtmntily  of  water  (wrror.  d  at  X\m 
[>■  riod  of  llie  jear  hy  the  nubiux- 
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Stem  of  the  parasitic  and  leafless  Monolropa  hjpopiif/s. 
With  Helleboriis  niger,  the  flower-stems,  which  rise  up 
independently  of  tlie  leaves,  likewise  break  through 
the  j^found  as  arches.  This  is  also  tiie  case  with  the 
greatly  elongated  flower-stems,  aa  well  as  with  the 
petioles  of  Epmiedium  pinnatum,  Su  it  is  with  the 
petioles  of  Ramiticulua  Jicaria,  when  they  have  to  break 
through  the  ground,  but  when  thoy  arise  from  the 
summit  cti  the  bulb  above  ground,  they  are  from  the 
first  quite  straight ;  and  this  is  a  fact  which  deserves 
notice.  The  rachia  of  the  bracken  fern  (Pieris  aqui- 
lina),  and  of  some,  probably  many,  other  fents,  like- 
wise riaea  above  ground  under  the  form  of  an  arch. 
No  doubt  other  analogous  instances  could  bo  foun<l  by 
careful  search.    In  all  ordinary  cases  of  bulbs,  rhizomes, 


ranPATi  Kcali--liko  leRvea  :  not  thnt 
th'Te  is  oTiy  reasnn  \rt  sHppowi 
that  tbo  BPcrftion  w  a  spccLil 
adiintHtiiiU  for  (hia  jmrjiotie :  it 
prtibablv  followa  fruili  the  i:K'iit 
cjuutitity  nf  Blip  aW>rbG(I  m  the 
early  apriiigliy  llie  para^jitJc  roots. 
After  n  long  period  witlitmt  any 
raiu.  the  earlli  hutl  Tiecotuo  liglil- 
coliiured  an<l  viry  dry.  but  it  vi-aa 
iliirk  coluured  iind  damp,  Lveu  In 
partii  quite  wd.  for  a  dblanciS  of 
ar  [u»^t  six  ini'lios  idl  round  cacU 
rti^wer-fttem.  The  waforin  ij»ecr**th«| 
by  j»landjt  (ilesci  ibtKl  by  Cflhn, 
'  Berinl.t.  Bot.  Sect.  Aw  S^hk- 
siBolieu  GodelL.'  187G,  p.  113) 
whicU  ItDu  tbu  lougitudiual 
clmTiiiel^  running;  through  eiicU 
aimlivliku  k-nf.  A  Xhx'^q  pLmt  woa 
dii^  lip,  wn.ditul  fio  aa  tii  remove 
the  oartli,  lift  tor  some  titiio  to 
drain,  and  then  plaL^.-il  in  tlte 
overling  on  a  liry  gtuss-plate^ 
oavorcxl  witli  a  l'Oll-','Inss,  and  by 
next  luoruiui;  it  I  a  I  scorete^l  a 
large  poo!  of  watrr.  The  p|.  to 
vaa  wiped  dry,  nnd  \\\  tlio  cuurse 
of  tlie  sucooL-ding  7  ur  8  Uoara 


annther  little  poni  was  socrctvd, 
and  n fter  1 6  tulditionat  hours 
aeveml  large  dropa.  A  unall.r 
plant  was  wiiiihi'd  and  plturd  in  a 
large  jar,  which  waa  left  inrlincd 
fnr  an  hour,  hy  whicii  Itrne  no 
more  watir  drained  off.  Tue  jiir 
was  then  plar*>d  npri^lit  and 
olngcd  '  after  23  hours  twodnichiu* 
of  abater  were  cDllcctt-d  from  the 
bottom,  and  a  littlo  moru  uflt-r  25 
adilitioaal  hours.  The  flnwtr- 
eteina  wctb  now  cat  nJT,  for  they 
do  not  B«erete,  and  the  aubter- 
raiiean  part  of  the  plnnt  was  found 
to  weigh  lOtJ-8  gr.ima  (l«ll 
KToinB).  ftfd  the  water  serr-ted 
during  the  4S  hours  weighed 
Hi*  grams  (1^3  graitia). — that  is, 
oiie-nintk  of  tho  wholo  weight  of 
the  plant,  excluding  tlio  fl'>wer- 
Etema.  We  should  rememb  rthftt 
plants  LD  a  BtAto  of  nnturo  would 
probubly  tecreto  in  48  hours  much 
morctlmn  the  above  tnrgti  amount, 
for  Ilieir  routs  would  continue  ati 
the  time  absorbiiig  sap  from  the 
plank  on  which  thoy  were  par^ 
si^ 
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itocks,  &c.,  buried  beneath  the  ground,  tho  suriiioe 
broken  hy  a  cone  formed  by  tho  young  imbricated 
lejives,  the  combined  growth  of  which  gives  them  foroe 
sufficient  for  the  purpose. 

With  germinating  monoootyledonotis  seeds,  of 
which,  however,  we  did  not  observe  a  large  numljer, 
the  plumules,  for  ijistance,  those  of  Asparagus  and 
Canna,  are  straight  whilst  breaking  through  the  ground. 
With  the  Gramiueae.  the  sheath-like  cotyledons  are 
likewise  straight ;  they,  however,  terminate  in  a  sharp 
crest,  which  is  white  and  somewhat  indurated ;  and  this 
structure  obviously  facilitates  their  emergence  from 
the  soil :  the  first  true  leaves  escape  from  the  sheath 
ihroogh  a  slit  beneath  the  chisel-like  apex  and  at 
right  angles  to  it.  In  the  case  of  tho  onion  (AUtum 
ftya)  we  again  meet  with  an  arch  ;  the  leaf-like  coty- 
ledon being  abruptly  bowed,  when  it  breaks  through 
the  ground,  with  the  apex  stUI  enclosed  within  the^ 
fieed-coats.  The  crown  of  the  arch,  as  previously 
described,  is  developed  into  a  white  conical  pro- 
toberauce,  which  we  may  safely  believe  to  be  a. 
lecial  adaptation  for  this  office. 

The  fact  of  so  many  organs  of  different  kinds—- 
hypocotyls  and  epicotyls,  the  petioles  of  some  coty- 
ledons and  of  some  first  leaves,  the   cotyledons  of 
e  onion,  the  rachis  of  some  ferns,  and  some  flower- 
;ems — being  all  arched  whilst  they  break  through 
le  ground,  shows  how  just  are  Dr.  Haberlandt's  • 
marks  on  the  importance  of  the  arch  to  seedling 
iants.     He  attributes  its  chief  importance  to  the 
upper,  young,  and  more  tender  parts  of  the  hypocotyL 


r    *  *  Die  8cbutz«{iirichtuii^6D  in  tliough  our  ubscTTatioiu  lead  lUt 

flor     £)itwi(jct)lun^    cUr     Kniin-  to  tHAL-r  on  aouio  points  Cnm  th«* 

ptlanze,'  1877.    W«  huve  learned  author. 
ffiuoli  Irpm  UiU  interesting  vatay. 
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ot  epicotyl,  being  thus  saved  from  abrasion  and 
pressure  whilst  breaking  through  th«  ground.  But- 
we  think  that  some  importance  may  be  attributed  to 
the  inoroji.si'(l  force  gained  by  the  hypocotyl»  epicotyl, 
or  other  organ  by  being  at  first  arched  ;  for  both  legs  of 
the  arch  increase  in  length,  and  both  have  points  of 
resistance  as  long  as  the  tip  remains  enclosed  within 
the  aeed-coata ;  and  thus  the  crown  of  the  arch  is 
pushed  up  through  the  earth  with  twice  as  much  force 
as  that  which  a  straight  liypocotyl,  &c.,  cotiJd  exert. 
As  soon,  however,  as  the  upper  end  has  freed  itself, 
all  the  work  has  to  be  done  by  the  basal  leg.  In 
the  Ciise  of  the  epicotyl  of  the  common  bean,  tho 
basal  leg  (the  apex  having  freed  itfielf  from  the  seed- 
coats)  grew  upwards  with  a  force  sufficient  to  lift  a 
thin  plate  of  zinc,  loaded  with  12  ounces.  Two  more 
ouncea  were  added,  and  the  14  ounces  were  lifted  np 
to  a  very  little  height,  and  then  the  epicotyl  yielded 
and  bent  to  one  side. 

With  respect  to  the  primary  cause  of  the  arching 
process,  we  long  thought  in  the  case  of  many  seedlings 
that  this  might  be  attributed  to  the  manner  in  which 
the  hypocotyl  or  epicotyl  was  packed  and  curved 
within  the  seed-coats  ;  an<l  that  the  arched  shape  thus 
acquired  was  merely  retained  until  the  parts  in  question 
reached  the  surface  of  the  ground.  Rut  it  is  doubtful 
whether  this  is  the  whole  of  the  truth  in  any  case. 
For  instance,  with  the  common  bean,  tho  epicotyl  or 
plumule  is  bowed  into  an  arch  whilst  breaking  through 
tlie  seed-coats,  as  shown  in  Fig.  59  (p.  92).  The 
plumule  first  jrotrudes  as  a  solid  knob  (e  in  A),  which 
after  twenty-four  hours*  growth  ia  accn  (e  in  B)  to  be 
the  crown  of  an  arch.  Nevertheless,  with  several 
beans  which  germinated  in  damp  air,  and  had  other- 
•ffise  been   treated   in    an    unnatural    manner,   little 
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plumales  were  developed  in  the  axils  of  tho  petiolen 
of  both  cotyledons,  and  these  were  as  p-^rfectiy  archil 
A3  the  normal  plumale ;  yet  they  hiid  not  boon  sub- 
jected to  any  ctmfinement  or  pressure,  for  the  seed- 
coats  were  complotely  ruptured,  and  they  grew  in  the 
open  air.  This  proves  that  the  plumule  has  an  innate 
or  spontaneons  tendency  to  arch  itself. 

In  some  other  cases  the  hypo<^otTl  or  epicotyl  pro- 
trades  from  the  seed  at  first  only  slightly  bowed ;  but 
the  bowing  afterwards  increases  independently  of  any 
constraint.  The  arch  is  thus  made  narrow,  with  the 
two  legs,  which  are  sometimes  much  elongated,  parallel 
and  close  together,  and  thus  it  becomes  well  fitttnl 
for  breaking  through  the  ground. 

VVitli  many  kinds  of  plants,  the  radicle,  whilst  still 
enclosed  within  the  seed  and  likewise  after  its  first  pro- 
trusion, lies  in  a  straight  line  with  the  future  hypocoty! 
and  with  the  longitudimil  axis  of  the  cotyledons.  This 
is  the  case  with  Cucurlnta  ovifera ;  nevertheless,  in 
whatever  position  the  seeds  were  bm-ied,  the  hypocotyl 
always  came  up  arched  in  one  particular  direction. 
JSeeds  were  planted  in  friable  peat  at  a  depth  of  aboi.t 
an  inch  in  a  vertical  position,  with  the  end  from  which 
the  radicle  protrudes  downwanls.  Therefore  all  the 
(wirts  occupied  the  same  relative  positions  which 
they  would  ultimately  hold  after  the  seedlings  had 
risen  clear  above  the  surface.  Notwilhstanding  this 
f;u;t,  the  hypocotyl  arched  itself;  and  as  the  arcli 
grew  upwards  through  the  peat,  the  buried  seeds  woro 
turned  either  upside  down,  or  were  laid  horizontally, 
being  afterwards  dragged  above  the  ground.  Ulti- 
mately the  hypocotyl  straightened  itself  in  the  usual 
manner;  and  now  after  all  these  movements  the 
several  parts  occupied  the  same  position  relatively  to 
one  another  ,<ind  to  the  centre  of  the  earth,  which  they 
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had  done  wlien  the  eeods  were  first  buried.  But  it  miiy 
be  argued  in  this  aud  other  such  cases  that,  as  tlie 
hypocotyl  grows  up  through  the  soil,  the  seed  will 
almost  certainly  be  tilted  to  one  aide ;  and  then 
from  the  resistance  which  it  must  <)ffer  during  its 
further  eleTation,  the  upper  part  of  the  hypocotyl  will 
be  doubled  down  and  thus  become  arched.  This  view 
seems  the  more  probable,  because  with  JlanunGulua 
ficaria  only  the  petioles  of  the  leaves  which  forced 
a  passage  through  the  earth  were  arched ;  and  not 
those  which  arose  from  the  summita  of  the  bulbs  above 
the  ground.  Nevertheless,  this  explanation  does  not 
apply  to  the  Cucurbits,  for  when  germinating  seeds 
were  suspended  in  damp  air  in  varioug  positions  by 
pins  passing  through  the  cotyledons,  fixed  to  the 
inside  of  the  lids  of  jars^  in  which  case  the  hypo- 
cotyls  were  not  subjected  to  any  friction  or  constraint, 
yet  the  upper  part  became  spontaneously  arched. 
This  fact,  moreover,  proves  that  it  is  not  the  weight 
of  the  cotyledons  which  causes  the  arching.  Seedo 
of  Hdianthus  annuua  and  of  two  species  of  Ipomcea 
(those  of  I.  bonu  nox  being  for  the  genus  large 
and  heavy)  were  pinned  in  the  same  manner, 
and  the  hypocotyls  became  spontaneously  arched ; 
the  radicles,  which  had  been  vertically  dependent, 
assumed  in  consequence  a  horizontal  position.  In 
the  case  of  Ipomcea  leptophifUa  it  is  the  petioles  of  the 
cotyledons  which  become  arched  whilst  rising  through 
the  ground ;  and  this  occurred  S2>ontaneously  when 
the  seeds  were  fixed  to  the  lids  of  jars. 

It  may,  however,  be  suggested  with  some  degree  of 
probability  that  the  arching  was  aboriginally  caused 
by  mechanical  compulsion,  owing  to  the  confinement 
of  the  parts  in  question  within  the  seed-coats,  or  to 
friction  whilst  they  wore  being  dragged  upwards.    But 
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if  Ihis  is  80,  we  must  admit  from  the  cases  just  given, 
that  a  tcudoncy  in  the  upper  part  of  the  several 
specified  organs  to  benii  downwards  and  thus  to  be- 
come arched,  has  nov  become  with  many  phinta  firmly 
inherited.  The  arching,  to  whatever  eausw  it  may  be 
due,  is  the  result  of  modified  circum nutation,  through 
increased  growth  along  the  convex  side  of  the  part ; 
such  growth  being  only  temporary,  for  the  part  always 
straightens  itself  subsequently  by  increased  growth 
along  the  concave  side,  as  will  hereafter  be  describcfL 

It  is  a  curious  fact  that  the  hypocotyls  of  some 
plants,  which  are  but  little  developed  and  which 
never  raise  their  cotyledons  above  the  ground,  never- 
theless inherit  a  slight  tendency  to  arch  themselves, 
although  this  movement  is  not  of  the  least  use  to 
them.  We  refer  to  a  movement  observed  by  Sachs 
in  the  hypocotyls  of  the  bean  and  some  other  liCgumi- 
U0S9C,  and  which  ia  shown  in  tho  accompanying  figure 
(Fig.  59),  copied  from  his  Esaay.*  The  hypocotyl 
and  radicle  at  first  grow  perpendicularly  duwnwanls, 
AS  at  A,  and  then  bend,  often  in  the  course  of  24  hours, 
into  the  position  shown  at  B.  As  we  shall  here- 
after often  have  to  recur  to  this  movement,  we  will,  for 
brevity  sake,  call  it  "  Sacha'  curvature."  At  first  sight 
it  might  be  thought  that  the  altered  position  of  the 
radicle  in  B  was  wholly  due  to  the  outgrowth  of  the 
epicotyl  («),  the  petiole  (j>)  serving  as  a  hinge ;  and 
it  is  probable  that  this  is  partly  tho  cause ;  but  tho 
hj^cotyl  and  upper  part  of  the  radicle  themselves 
become  slightly  curved. 

The  above  movement  in  the  bean  was  repeatedly 
i»een  by  us  ;  but  our  observations  were  made  chiefly  on 
^haaeoltis  mvilifiorus,  the  cotyledons  of  which  are  liko- 


•  •  Arbelten  dw  boU  lo^it  WUrzbarg,*  vol.  i  1873,  p,  WB, 
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wise  hypogcan.  Some  dcodlinga  with  welI-deTelope<l 
mdicles  wero  first  immereed  in  a  solution  of  perman- 
gauttti;  of  potassium ;  and,  judging  from  the  chaugca 
of  colour  (though  these  were  not  very  clearly  defined), 
the  hypocotyl  is  about  '3  inch  in  length.  Straight, 
thin,  black  lines  of  this  length  were  now  drawn  from 
the  bases  of  the  short  petioles  along  the  hypocotyla 


rie^'i  Jitb<i :  gerrotQiittnK  seeds,  sDspended  in  datn^  air:  A,  with  mliclQ 
growing  }ier|)ciiiliL'ularly  d')WDwaril& ;  B,  tbe  name  bcaa  ftfl«r  2i  hours  , 
am]  nfler  the  mlitle  h;i»  curved  ilaelf;  r.  niJicte ;  A,  »h<irt  li_Tp"<*"tyl  ;  | 
f.  ejiicotji  appearing  as  a  kuoh  in  A  autl  an  aa  arch  in  B;  p,  petiule  ^;| 
the  coiyledoD]  the  Utter  enuloHitd  withia  Lhn  seedi-cont^, 

nf  23  germinating  seeds,  which  were  pinned  to  the 
lida  of  jars,  generally  with  the  hilum  downwards,  and 
with  thuir  radicles  pointing  to  the  centre  of  the 
earth.  After  an  interval  of  from  24  to  48  hours  the 
black  lines  on  the  hypocotyla  of  16  ont  of  the  23 
B*?edliiig9  became  distinctly  curved,  but  in  very 
various  degiees  (namely,  with  radii  between  20  aud 
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80  mm.  on  Sacha'  cyclometer)  in  the  same  relative 
direction  as  shown  at  B  in  Fig.  59.  As  geotropism 
will  obviously  tend  to  check  this  curvature,  seven 
seeds  were  allowed  to  germinate  with  proper  pre- 
cautions for  their  growth  in  a  kliuostat/  by  which 
means  geotropism  was  eliminated.  The  position  of  the 
hypocotyls  was  observed  duriug  four  Biu^iessivo  days, 
and  they  continued  to  bend  towards  the  hilum  and 
lower  surface  of  the  seed.  On  the  fourth  day  they 
were  dellect^Jd  by  au  average  angle  of  03"  from  a  lin»i 
perpendicular  to  the  lower  surface,  and  were  therefore 
considerably  more  curved  than  the  hypocotyl  and 
radicle  in  the  bean  at  B  (Fig.  59),  though  in  the  same 
relative  direction. 

It  will,  we  presume,  be  admitted  that  all  leguminous 
plauts  with  hypogean  cotyledons  are  descended  from 
forms  which  once  raised  their  cotyledons  above  the 
ground  in  the  ordinary  manner ;  and  in  doing  so,  it  is 
certain  that  their  hypocotyls  would  have  been  abruptly 
arched,  as  in  the  case  of  every  other  dicotyledonous 
plant.  This  is  especially  clear  in  the  case  of  Phaseolus, 
for  out  of  five  species,  the  seedlings  of  which  we 
observed,  namely,  P.  mulltflorus,  caracaUa,  wlyarrSf 
Sernandesii  and  Roxburghii  (inhabitants  of  the  Old 
and  New  Worlds),  the  three  last>-named  species  have 
well -developed  hypocatyls  which  break  through  the 
ground  as  arches.  Now,  if  we  imagine  a  seedling  of 
the  common  bean  or  of  P.  muUijiorus,  to  behave  as  ita 
progenitors  once  did,  the  hypocotyl  (A,  Fig.  59),  in 
whatever  position  the  seed  may  have  been  burie<l^ 
would  become  so  much  arched  that  the  upper  part 
would  be  doubled  down  parallel  to  the  lower  part ;  and 


*  An  iiuttrument  rlovJieil  by 
Ba«liti,  cii[)»u«tin^  ettaeDtinlly  of  a 
■loilly  revclviug  bmizoutal  oxie. 


on  whicli  the  plnnt  under  obacrv)'- 
tion  is  Biif)poi-t(>il :  iu»  *  WUrvburg 
ArbeiUm,'  1879,  p.  209. 
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this  ia  exactly  the  kind  of  curvature  which  actually 
occurs  in  these  twro  plants,  though  to  a  much  less 
degree.  Therefore  we  can  hardly  doubt  that  their 
short  hypocotyU  have  retained  by  inheritance  a  ten- 
dency to  curve  themselves  in  the  same  manner  as  they 
did  at  a  former  period,  when  this  movement  was  highly 
important  to  them  for  breaking  through  the  ground, 
though  now  rendered  useless  by  the  cotyledons  being 
hypogean,  Eurlimentary  structures  are  in  most  cases 
highly  variable,  uud  we  might  expect  that  rudimentary 
or  obsolete  actions  would  be  equally  so;  and  Sachs* 
curvature  varies  extremely  in  amoimt,  and  sometimes 
altogether  fails.  This  is  the  sole  instance  known  to 
ua  of  the  inheritance,  though  in  a  feeble  degree,  of 
movements  which  have  become  superfluous  from 
changes  which  the  species  has  undergone. 


Fig.  60. 


Rudimentary   Cotyledons, — A  few  remarks   on  this 
subject  may  be  here  interpolated.     It  is  well  known 

that  some  dicotyle- 
donous plants  produce 
only  a  single  cotyle- 
don; for  instance,  cer- 
tain species  of  Ranun- 
culus, Corydalis,  Chse- 
rophyllum ;  and  we 
will  here  endeavour  to 
show  that  the  loss  of 
one  Of  both  cotyle- 
dons is  apparently  due 
to  a  stoi'e  of  nutri- 
ment being  laid  up  in 


A. 


'Ttfrtw  awantium:   two  voting  Epetlliogs: 
c,  Urgcr  cotyledon;  c,  am.iller  cntyle- 


doD;  A,  thkkeofld  hypoc^tyl ;  r,  radicle. 

In  A  th«  opicotyi  is  stU!  aiched,  in  li  it   gonie  othcT  part,  OS  in 
bus  become  erect.  .  i       -i  I  \ 

the  hypocoty]  or  one 

of  the  two  cotyledons,  or  one  of  the  secondary  radicles. 
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With  the  orange  (Ciirus  auranfium)  the  rotyle«loiis  are 
hypogean,  aiid  one  is  larger  than  the  otJier,  ns  may 
bo  seen  in  A  (Fig.  60).  lu  B  the  inequality  is  rather 
greater,  and  tlie  stem  has  grown  between  the  points 
of  insertion  of  the  two  petioles,  so  that  they  do  not 
stand  opposite  to  one  another ;  in  another  case  the 
separation  amounted  to  one-fifth  of  an  inch.  The 
smaller  cotyledon  of  one  seedling 
was  extremely  thin,  and  not  half 
the  length  of  the  larger  one,  so  that 
it  was  clearly  becoming  rudimen- 
tary." In  all  these  seedlings  the 
iiypocotyl  was  enlarged  or  swollen. 
\Vith  Ahronia  umhellata  one  of 
the  cotyledons  is  quite  niJimen- 
tary,  as  may  be  seen  (<?')  in  Fig.  61. 
In  this  specimen  it  consisted  of  a 
little  green  flap,  Vrth  inch  in 
length,  destitute  of  a  petiole  and 
covered  with  glands  like  tliose  on 
the  fully  developed  cotyledon  (c). 
At  first  it  stood  opposite  to  the  Ahrrmi',  wnhea'tta .  tet^ 
larger  cotyledon  ;  but  as  the  petiole      ^'"8  '"•'=*  "■^•'^*'  "'/■ 

„      ,         ,  .  1     -        *  c,  cotvleaoo ;  c ,  raai- 

of  the  latter  increased  in  length      mentarv  cutyie-ion ;  a, 

and   grew  in    the   same   line  with 

the    hypocotyl   (h),    the   rudiment 

appeared  in  older  seedlings  as   if 

seated  some  way  down  the  hypocotyl.     With  Abronia 

arenaria  there  is  a  similar  rudiment,  which  in  one 


enlarged  hypocotyl, 
with  A  heel  or  proJM- 
tioti  (A')  nt  the  lower 
eoJ ;  r,  nidiitu 


•  In  Paeht'ra  aqnntica,  bb  de- 
•cribed  l>y  Mr.  It.  1.  Iivuch 
(*Ji>uriiKl  Iiinn.  Sou.  Ua^'  vol. 
xviL  1878.  p.  147X  one  of  the 
b]rpag«an  coty^le<luna  Ja  of  im- 
iii(>n»o  size;  tho  olhor  u  gninll 
vt<l  iron  fallti  off:  the  {»air  do  not 
BlvajTA  stand  opposito.   InaiiutbBi: 


nnd  very  diflforcnt  wati-r-plnut, 
Trapa  n/i'min,  ont'  of  thi^  oolyle- 
doi)B,  flllfvd  with  farinnceous 
niattt-T,  U  inmth  larger  than  tho 
olhtT.  wliich  is  HC'ureuly  viaiblo, 
R.S  is  ttntod  bv  Ang.  do  Ctindnlle, 
'  Hlivitiolf^gie  V^g.*  torn.  U.  p.  83^ 
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epecimon  was  only  -rl-a^^  ^^^  *"  another  ^th  inch  in 
length;  it  ultimately  appRJiTcd  as  if  seated  haliway 
down  the  hypocotyl.  In  both  these  sijecies  the  hypo* 
cotyl  is  so  much  enlarged,  especially  at  a  very  early 
age,  that  it  might  almost  be  called  a  corm.  The  lower 
end  forms  a  heel  or  projection,  the  uae  of  which  wUl 
hereafter  be  described. 

In  Cyclamen  Persienm  the  hypocotyl,  even  whilst  still 
within  the  seed,  is  enlarged  into  a  regular  corm,*  and 
only  a  single  cotyledon  is  at  first  developed  (see  former 
Fig.  57.)  With  Ranunculus  ficaria  two  cotyledons  are 
never  produced,  and  here  one  of  the  secondary  radicles 
is  developed  at  an  early  age  into  a  so-calltd  bulb.f 
Again,  certain  species  of  ChaBCophyllum  and  Corydalis 
produce  only  a  single  cot)Iedon  ;$  in  the  former  the 
hypocotyl,  and  in  the  latter  tho  raJicle  is  enlarged, 
according  to  Irmisch,  into  a  bulb. 

In  the  several  foregoing  cases  one  of  the  cotyledons 
is  delayed  in  its  development,  or  redxiced  in  size,  or 
rendered  rudimentary,  or  quite  aborted  ;  but  in  other 
cases  both  cotyledons  are  represented  by  mere  rudi- 
ments. With  Opujitia  hamlaris  this  is  not  the  case, 
for  both  cotyledons  are  thick  and  large,  and  the 
hypocotyl  shows  at  firat  no  signs  of  enlurgemoiit ;  but 
afterwards,  when  the  cotyledons  have  withered  and  dis- 
ftrtinuUited  themsi^lves,  it  becomes  thickenod,  and  from 
its  tapering  form,  together  with  its  smooth,  tough, 
brown  skin,  appears,  when  ultimately  drawn  down  to 
some  depth  into  the  soil,  like  a  root.     On  the  other 


*  Dr,  TT.  OreHsiier. '  Bot  Z«i- 
hmg;  I87t,  !■.  K-i4. 

t  IrmisL'ii,  'Beiiriijo  aiir  Mor- 
phdogi*^  di  r  fflftiizeii,'  1H54,  pp. 
II,  12;  '\M\.  ZL-iluiiL'.'  1871.  U. 
B05. 

t  Delpiiio,  'HLVMia  ItnfnnicA,' 
1S77,  p   21.    U  ]'b  evifleiit  rrom 


Ynucl  era  aci-omit  (' Hiat,  Phyj), 
rlt-uPUnU-sd'Europc,'  i/m\  1. 18'<  1, 
p.  14S)of  the  irtrniinntion  of  tho 
BcedB  of  wverol  BTiociee  of  Cory- 
dnli^.  thiit  iho  bulb  or  tiibor-ulc 
hR!;int<  to  hv.  fnniiLHl  at  ou  ex- 
tremely early  tt^ 


Oa*e.  IL 


BDDIMENTAEY  COTYLEDONa 


97 


hand,  with  several  other  Cactese,  the  hjrpoeotyl  is  from 
the  firi*t  much  euhirged,  and  both  cotyledons  aru 
almost  or  quite  rurlimentary.  Thus  with  Cereus  Land 
beekii  two  little  triaugular  projcctious,  representing  the 
cotyledons,  are  narrower  than  the  hypocotyl,  whidi  ia 
[)ear-shaped|  with  the  point  downwar<ls.  In  lihipsalU 
ca»8t/Uu*  the  cotyledons  are  represented  by  mere  points 
on  the  enlarged  hypocotyl.  In  Echinooactus  viindeseeiis 
the  hypocotyl  is  globular,  with  two  little  prominences 
ou  its  summit  In  niocereus  Houlhstii  the  hypocotyl^ 
much  swollen  in  the  upper  part,  is  merely  notched  on 
the  summit ;  and  each  side  of  the  notch  evidently  repi-e- 
sents  a  cotyledon.  Sta^liit  sar^tedon,  a  member  of  the 
very  distinct  family  of  the  Asclepiadeee,  is  fleshy  like 
a  cactus  ;  and  here  again  the  uppf:r  part  of  the  flattened 
hypocotyl  is  much  thickened  and  boara  two  minute  coty- 
ledons, which,  measured  internally,  were  only  '15  inch 
in  length,  and  in  breadth  not  equal  to  one-fourth  of  the 
diameter  of  the  hypocotyl  in. its  narrow  axis ;  yet  these 
minute  cotyledons  are  probably  not  quite  useless,  for 
when  the  hypocotyl  breaks  through  the  ground  in  the 
form  of  an  arch,  they  are  closed  or  pressed  against  one 
another,  and  thus  protect  the  plumule.  They  after- 
words open. 

From  the  several  cases  now  given,  which  refer  to 
widely  distinct  plants,  we  may  infer  that  there  is  some 
close  connection  between  the  reduced  size  of  one  or 
both  cotyledons  and  the  formation,  by  the  enlargement 
of  the  hypocotyl  or  of  the  radicle,  of  a  so-called  bulb. 
But  it  may  be  asked,  did  the  cotyledons  flrst  tend  to 
abort,  or  did  a  bulb  first  begin  to  bo  formed?  As 
all  dicotyledons  naturally  produce  two  well-developed 
cotyledons,  whilst  the  thickness  of  the  hyjwcotyl  and 
of  the  raiiicle  diners  much  in  different  plants,  it  seema 
probable    that  these  latter  organs  first  became  from 
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Boine  cause  thickened — in  several  instances  apparently 
ill  correlation  with  the  fleshy  nature  of  the  mature 
plant — 80  as  to  contain  a  store  of  nntriment  sufficient 
far  the  seedling,  and  then  that  one  or  both  cotyledons, 
from  being  superfluoua,  decreased  in  size.  It  is  not 
surprising  that  one  cotyledon  alone  should  sometimes 
have  been  thus  affected,  for  with  certain  plants,  fdr 
instance  the  cabbage,  the  cotyledons  aie  at  first  of 
unequal  size,  owing  apparently  to  the  manner  in  which 
they  are  packed  within  the  seed.  It  does  not,  how- 
ever, follow  from  the  above  connection,  that  whenever 
a  bulb  is  formed  at  an  early  age,  one  or  both  coty- 
ledons will  necessarily  become  superfluous,  and  conse- 
quently more  or  less  rndimentary.  Finally,  these 
cases  offer  a  good  illustration  of  the  principle  of  com- 
pensation or  baUncemeut  of  growth,  or,  as  Goethe 
expresses  it,  "  in  order  to  spend  on  one  side,  Nature 
is  forced  to  economise  on  the  other  side." 

Circumnutation  ajid  other  movements  of  Hijpocotyh 
and  EpicotyL%  whilst  still  arcJied  and  huHed  beneath 
the  gro^andf  and  whilst  breaking  through  it. — According 
to  the  position  in  which  a  seed  may  chance  to 
have  been  buried,  the  arched  hypocotyl  or  epicotyl 
will  begin  to  protrude  in  a  horizontal,  a  more  or 
less  inclined,  or  in  a  vertical  plane.  Except  when 
already  standing  vertically  upwards,  both  legs  of  the 
arch  are  acted  on  from  the  earliest  period  by  apo- 
geotropism.  Consequently  they  both  bend  upwards, 
until  the  arch  becomes  vertical.  Buring  the  whole  of 
this  process,  even  before  the  arch  has  broken  tlirough 
the  ground,  it  is  continually  trying  to  circumnutate 
to  a  slight  extent;  as  it  likewise  does  if  it  happens  at 
first  to  stand  vertically  up,^ — all  which  ctises  liave 
been  observed  and  described,  more  or  less  fully,  in 
the  lust  chapter.     After  the  arch  has  grown  to  some 
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height  upwards,  the  basal  part  ceases  to  circumnutnte» 
whilst  the  upper  part  continues  to  do  so. 

That  an  arched  hypocotyl  or  epicotyl,  with  the  twc 
lcg:8  fixed  in  the  ground,  should  be  able  to  cir- 
cumnutHte,  seemed  to  us,  uutil  we  bad  read  Prof. 
Wiesner's  observations,  an  incxplioablo  fact.  He  has 
shown*  in  the  case  of  certain  seedlings,  whose  tips 
are  bent  downwards  (or  which  nutate),  that  whilst  the 
IHJsterior  side  of  the  upj>cr  or  (lc[)endimt  portion  grows 
quickest,  the  anterior  and  opposite  side  of  the  basal 
portion  of  the  same  intemode  grows  quickest;  these 
two  portions  being  separated  by  an  indifferent  zone, 
where  the  growth  is  equal  on  all  sides.  There  may 
even  be  more  than  one  indifferent  zone  in  the  same 
intemode ;  and  the  opposite  sides  of  the  parts  above 
and  IhjIow  each  such  zone  grow  quickest.  This  pecu- 
liar manner  of  growth  is  called  by  Wiesner  "un- 
dnlatory  nutation.**  Circumnutation  depends  on  one 
side  of  an  organ  growing  quickest  (probably  preceded 
by  increased  turgesoence),  and  then  another  side, 
generally  abnost  the  opposite  one.  growing  quickest. 
Now  if  we  look  at  an  arch  like  this  f]  and  suppose 
the  whole  of  one  side— we  will  say  the  whole  convex 
side  of  both  legs — to  increase  in  length,  this  would 
not  cause  the  arch  to  bend  to  either  side.  But  if  the 
outer  side  or  surface  of  the  left  leg  were  to  increase 
in  length  the  arch  would  be  pushed  over  to  the  rights 
and  this  would  be  aided  by  the  inner  side  of  the 
right  leg  iiicreasiug  in  length.  If  afterwards  the 
process  were  reversed,  the  arch  would  be  pushed  over 
to  the  opposite  or  left  side,  and  so  on  alternately, — 
that  is,  it  woidd  circumnutate.     As  an  arched  hypo* 
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ootyl,  with  the  two  legs  fixed  in  the  ground,  certainly 
circaiUDUtatea,  and  as  it  consists  of  a  singlo  internmle, 
we  mtiy  conclude  that  it  grows  in  the  maimer  de- 
scribed by  Wiesner.  It  may  be  added,  that  the  crown 
of  the  arcli  does  not  grow,  or  grows  very  slowly,  for 
it  does  nut  increase  much  in  breadth,  whilst  the  arch 
itself  increases  greatly  in  height. 

The  circum nutating  movements  of  arched  hypo- 
c^tyls  and  epicotyls  can  hardly  fail  to  aid  them  in 
breaking  through  the  ground,  if  this  be  damp  and 
Boft ;  though  no  doubt  their  emergence  depends 
mainly  on  the  force  exerted  by  their  longitudinal 
growth.  Although  the  arch  circumuutates  only  to  ii 
slight  extent  and  probably 'with  little  force,  yet  it  is 
able  to  move  the  soil  near  the  surface,  though  it  may 
not  be  able  to  do  so  at  a  moderate  depth.  A  pot  with 
seeds  of  Solarium  paUnacanthumj  the  tall  arched  hypf>- 
cotyls  of  which  had  emerged  and  were  growing  rathv,'r 
slowly,  was  covered  with  fine  argillaceous  sand  kept 
damp,  and  this  at  first  closely  surrounded  the  bases  of 
the  arches ;  but  soon  a  narrow  open  crack  was  formed 
round  each  of  them,  which  could  be  accounted  for 
only  by  their  liaving  pushed  away  the  sand  on  all 
sides  ;  for  no  such  cracks  surrounded  some  little  sticks 
and  pins  which  had  been  driven  into  the  sand.  It 
has  already  been  stated  that  the  cotyledons  of  Phalaris 
and  Avena,  the  plumules  of  Asparagus  and  the  hy(K)- 
cotyls  of  Brassica,  were  likewise  able  to  displace  the 
eamo  kind  of  sand,  either  whilst  simply  cireumnu* 
tatinn;  or  whilst  bendinij  towards  a  lateral  lif'ht. 

As  long  as  an  arched  hypocotyl  or  cpicotyl  remains 
btiried  beneath  the  f^round,  the  two  legs  cannot  sepa- 
rate from  one  another,  except  to  a  slight  extent  from 
the  yielding  of  the  soil ;  but  as  soon  as  the  arch 
*iscs  above   the  gronnd,  or   at   an  earlier  period   ii 
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the  pressure  i)f  the  surronmling  earth  be  artificmllj 
reiuoved,  the  arch  immediately  begins  to  straighten 
ilaelf.     This  no   doubt  is  due  to  growth  along   the 
wliale  inner  surface  of  both   legs  of  the  arch ;    such 
growth  being  checked  or  prevented»na  long  as  the  two 
legs  of  the  arch  are  6rmly  pressed  together.   When  the 
eartJi  is  removed  all  round  an  arch  and  the  two  legs 
are  tied  togetlrer  at  their  bases,  the  growth  on  the 
under  side  of  -iUQ  c-iown  causes  it  after  a  time  in 
become   much    flatter'  and    broader    than   naturally 
occurs.    The  straightening  pmoes*  Consists  of  a  mo- 
dified form  of  circumnutation,  for  the  lines  dE^ribed 
during  this  process  (as  with  the  hypocotyl  of'EniisSica,  - 
and  the  epicotyls  of  Vicia  and  Corylus)  were  ofteit 
plainly   zigzag  and  sometimes  looped.     After  hypo- 
Gotyls  or  epicotyls   have   emerged  from  the  ground, 
they  quickly  become  perfectly  straight.     No  trace  is 
left  of  their  former  abrupt  curvature,  excepting  in  the 
case  of  AlHum  cepa,  in  which  the   cotyledon  rarely 
becomes   quite   straight,  owing  to    the  protuberance 
^-  developed  on  the  crown  of  the  arch, 
f     The  increased  growth  along  the  inner  surface  of  the 
arch  which  renders  it  straight,  api)arently  begins  in 
the  basal  leg  or  that  which  is  united  to  the  radicle; 
for  this  log,  as  we  often  observed,  is  first  bowed  back- 
wards from  the  other  leg.     This  movement  facilitates 
^the  withdrawal  of  the  tip  of  the  epicotyl  or  of  the 
HButyledons,  as  the  case  may  be,  from  within  the  seed- 
*■  'M|te  and  from  the  ground.     But  the  cotyledons  often 
^emerge  from  the  ground  still  tightly  enclosed  within 
Btho  seed-coats,  which  apparently  serve  to  protect  them. 
The  seed-coats  are  afterwards  ruptured  and  cast  off  by 
the  swelling  of  the  closely  conjoined  cotyledons,  and  not 
by  any  movement  or  their  separation  from  one  another. 
Nevertheless,  in  some  few  cases»  especially  wiMi  the 
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Cucm-bitaceop,  tlie  seed-coats  are  ruptured  by  a  curiooA 
contrivance,  described  by  M.  Flahanlt.*  A  heel  or 
peg  is  developed  on  one  side  of  the  summit  of  the 
radicle  or  base  of  the  hypocotyl ;  and  this  holds  down 
the  lower  half  of  the  seed-coata  (the  radicle  being 
fixed  into  the  ground)  whilst  the  continued  growth  of 
the  arched  hypocotyl  forces  up- 
wards the  upper  half,  and  teara 
asunder  the  seed-coats  at  one  end, 
and  ths  f.oityledons  are  then  easily 
ffitjftdrawn.  The  accompanj-ing 
figure  (Fig.  62)  will  render  this 
deacription  intelligible.  Forty- 
one  seeds  of  CncurUia  ovifera 
were  laid  on  friable  peat  and  were 
covered  by  a  layer  about  an  inch 
in  thickness,  not  much  pressed 
down,  so  that  the  cotyledons  in 
being  dragged  up  were  subjected 
to  very  little  friction,  yet  forty  of 
them  came  up  naked,  the  aeed- 
^'rtiC^C'^howifgTh^  coats  being  left  buried  in  the  peat. 
heel  or  peg  projecting  T^iig  ^-^g  certainly  due  to  the  action 

on  one  aiJe  from  eainmit       j.    ^ .  j.>  i_  -i 

of  radicle  md  holding  01  the  peg,  lor  when  it  was  pre- 

dowu  lower  tip  of  scftd-  yentod  from  acting:,  the  cotyledons, 
coat*,  wliicb  hav*  been  ,     .,  •="       ,  ^ 

partiftil.v  ruptured  by  as    we   shall   presently  gee,   were 

the  growth  of  (hearched  [i(t^^  up  still  enclosed   in   their 

JiVlMJCotyl.  ,  f  .ni  1 

»eed-coata.     Ihey  were,  however, 

cast  off  in  tne  course  of  two  or  three  days  by  the 
swelling  of  the  cotyledons.  Until  this  occurs  light  is 
excluded,  and  the  cotyledons  cannot  decompose  car- 
bonic acid ;  but  no  one  probably  would  have  thought 
that  the  advantage  thus  gained  by  a  little  earlier  cast 


» 


•  'Bull  Soc.  Bot.  de  France,'  *om.  xxiv.  1877,  p.  201. 
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ing  off  of  the  seed-ooats  would  be  sufficient  to  account 
for  the  development  of  the  peg.  Yet,  accordins  to 
M.  Flahault,  seedlings  which  have  been  preveiitwl 
from  casting  their  aeed-ooats  whilst  beneath  the 
ground,  are  inferior  to  those  which  have  emerged  with 
their  cotyledons  naked  tind  ready  to  act 

The  peg  is  developt^d  with  extraordinary  rapidity; 
for  it  could  only  just  bo  distinguislied  in  two  seed- 
lings, having  rarlicles  -35  inch  in  length,  but  after  an 
interval  of  only  24  hours  was  well  developed  in 
both.  It  is  formeii,  according  to  Flahault,  by  tho 
enlargement  of  the  layers  of  the  cortical  parenchyma 
at  the  base  of  the  hypocotyl.  If,  however,  we  judge 
by  the  effects  of  a  solution  of  permanganate  of 
potassium,  it  is  developed  on  the  exact  line  of 
junction  between  the  hypocotyl  and  radicle ;  fur 
the  flat  lower  surface,  as  well  as  the  edges,  were 
coloured  brown  like  the  radicle;  whilst  tho  upper 
slightly  inclined  surface  was  left  uncoloured  like  the 
hypocotyl,  excepthig  indeed  in  one  out  of  33  im- 
mersed seedlings  in  which  a  large  part  of  the  upper  sur- 
face was  colotired  brown.  Secondary  roots  sometimes 
spring  from  the  lower  surface  of  the  peg,  which  thus 
seems  in  all  respe(!ts  to  partake  of  the  nature  of  the 
radicle.  The  peg  is  always  developed  on  the  side  which 
becomes  ctmcave  by  the  arching  of  tho  hypocotyl ; 
and  it  would  be  of  no  service  if  it  were  fonned  on  any 
other  side.  It  is  also  always  developed  with  the  flat 
lower  side,  whichj  as  just  statecl,  forms  a  part  of  tho 
radicle,  at  right  angles  to  it,  anil  in  a  horixontul  plane. 
1'his  fact  was  clearly  shown  by  burying  some  of  the 
thin  flat  seeds  in  tho  same  position  as  in  Fig.  02, 
excepting  (hat  they  were  not  hiid  on  their  flat  broad 
sides,  but  with  one  edge  downwanls.  Nine  scedfl 
were  thus  j^lantcrl,  anri  the  p^g  was  developed  in  tho 
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same  position,  relatively  to  the  radicle,  as  in  the 
tiguro;  consequently  it  did  not  rest  on  the  flat  tip 
of  the  lower  liuli  ot"  the  seed-coats,  but  was  inserted 
like  a  wedge  between  the  two  tips.  As  the  arched 
bypocotyl  grew  upwards  it  tended  to  draw  up  the 
whole  seed,  and  the  peg  necessarily  rubbed  against 
both  tips,  but  did  not  hold  either  down.  The  result 
was,  that  the  cotyledons  of  five  out  of  the  nine  seeds 
thus  placed  were  raised  above  tbc  ground  still  enclosed 
within  their  seed-coats.  Four  seeds  were  buried  with 
the  end  from  which  the  radicle  protrudes  pointing 
vertically  downwards,  and  owing  to  the  peg  being 
always  developed  in  the  same  position,  its  apex  alone 
came  into  contact  with,  and  rubbed  against  the  tiji  on 
one  side ;  the  result  was,  that  the  cotyledous  of  all 
four  emerged  still  within  their  seed-coats.  These  cases 
8hi)w  us  how  the  peg  acts  in  co-ordination  with  the 
pusition  wliich  the  flat,  thin,  broad  seeda  would  almost 
always  occupy  when  naturally  sown.  When  the  tip 
of  the  lower  half  of  the  seed-coats  was  cut  off,  Flahault 
luund  (as  we  did  likewise)  that  the  peg  could  not  act, 
since  it  had  nothing  to  press  on,  and  the  cotyledons 
were  raised  above  the  ground  with  their  seed-coats  not 
cast  off.  Lastly,  nature  shows  us  the  use  of  the  peg ; 
for  in  the  one  Cucurbitaceoua  genus  known  to  us,  in 
which  the  cotyledons  are  hypogean  and  do  not  cast 
their  seed-coats,  namely,  Megarrhiza,  there  is  no 
vestige  of  a  peg.  This  structure  seems  to  be  present 
in  most  of  the  other  genera  in  tlie  family,  judging  from 
Fluhault'a  statements;  we  found  it  well-developed  and 
properly  acting  in  TrieJiGsaiUhes  an^iiina,  in  which  we 
hardly  expected  to  find  it,  as  the  cotyledons  are  some- 
f/iiat  thick  and  fleshy.  Few  cases  can*  be  advanced 
of  a  structure  better  adapted  for  a  special  purpose 
than  the  present  one. 
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^m  With  Mimosa  pudiea  the  radicle  protrudes  from  a 
^P  Bmall  holo  jn  the  sharp  edge  of  the  seed ;  aud  on  its 
"   summit,  where  united  with  the  hypoeotyl,  a  transverse 

I  ridge  is  dercloped  at  an  early  age,  which  eleurly  aids 
.  in  splitting  tho  tough  seed-coats ;  but  it  does  not  aid 
in  casting  them  ofl',  as  this  is  subsequently  effected  by 
the  swelling  of  the  cotyledons  after  they  huve  been 
raised  above  the  ground.  The  ridge  or  heel  therefore 
octs  rather  differently  from  that  of  Cucurhita.  Its 
lower  surface  aud  the  edges  were  coloured  brown  by 
the  permanganate  of  potassium,  but  not  the  upper 
surface.  It  is  a  singular  fact  that  after  the  ridge  has 
done  its  work  and  has  escaped  from  the  seed-couts, 
it  is  developed  into  a  frill  all  round  the  summit  of  the 
radicle.* 

At  the  base  of  the  enlarged  hypocotyl  of  Ahronia 
MmheUata^  where  it  blends  iuto  tho  radicle,  there  is  a 
projection  or  heel  which  varies  in  shape,  but  its  out- 
line is  too  angular  in  our  former  figure  (Fig.  Gl).  The 
^badicle  first  protrudes  from  a  small  hole  at  one  end  of 
^nthe  tough,  leathery,  winged  fruit  At  this  period  the 
upj)er  port  of  tho  radicle  is  packed  witlun  the  fruit 

(parallel  to  tho  hypocotyl,  and  the  single  cotyledon  is 
doubled  buck  parallel  to  tlie  latter.  The  swelling  of 
these  three  parts,  and  especially  the  rapid  development 
pf  tlie  thick  heel  between  the  hypocotyl  and  radicle 
Ht  tlie  point  where  they  are  doubled,  ruptures  the 
tough  fniit  at  the  upper  end  and  allows  the  arched 
liypocotyl  to  emerge ;  and  this  seems  to  be  the  function 
of  tho   heel.     A  seed  was  cut  out  of  the  fruit  and 


•  Oiir  ntlention  wnn  cn!!c(l  to 

VSb^s  case  by  a  brief  btiitfrnent  by 

|K(tbb«    in     liirt    '  Uniidhucb   dor 

Siiimeiikunde,'  187tJ.  p.  215,  wliero 

I  fl|i^tie  if  lilttc)  i.'ii  en  of  H  Ecedliug 

of  Mnrtviiia  with  a  IilcI  or  rit)j;o 


ut  tlie  jiinction  of  tlio  radicle  and 
byiMJcutyl.  Tlii»  teed  puv»utK*c»  a 
very  bard  and  touKb  Otiat,  and 
would  bu  lilittly  lo  require  aul  id 
bnrsting  and  freeing  tlie  cotylfr 
dons. 
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allowed  to  germinate  in  damp  air,  and  now  ft  tUiu 
flat  disc  was  developed  all  round  the  base  of  tlie 
hypocotyl  and  grew  to  an  extraordinary  breadtli,  like 
the  frill  described  untler  Mimosa,  but  somewhat  broader. 
Flahault  says  that  with  Mirabilis,  a  member  of  the 
same  family  with  Abronia,  a  heel  or  collar  is  developed 
all  round  the  base  of  the  hypocoty],  but  more  on  one 
side  than  on  the  other;  and  that  it  frees  the  coty- 
ledons from  their  seed-coats.  Wo  observed  only  old 
seeds,  and  these  were  niptured  by  the  abaorption  of 
moisture,  independently  of  any  aid  from  the  heel  and 
before  the  protrusion  of  the  radicle;  but  it  does  not 
follow  from  our  experience  that  fresh  and  tough  fruits 
would  behare  in  a  like  manner. 

In  concluding  this  section  of  the  present  chapter  it 
may  be  convenient  to  summarise,  nndtr  the  form  of  an 
illustration,  the  usual  movements  of  the  hypocotyla 
and  epicotyls  of  seedlings,  whilst  breaking  through  the 
ground  and  immediately  afterwards.  ^\e  may  suppose 
a  man  to  he  thrown  down  on  his  hands  and  knees,  and 
at  the  same  time  to  one  side,  by  a  load  of  hay  falling 
on  him.  He  would  first  endeavour  to  get  his  arched 
back  upright,  wriggling  at  the  same  time  in  all 
directions  to  free  himself  a  little  from  the  surrounding 
pressure ;  and  this  may  represent  the  combined  effects 
of  apogeotropism  and  circumuutatiou,  when  a  seed  is  so 
buried  that  the  arched  hypocotyl  or  epicotyl  protrudes 
at  first  in  a  horizontal  or  inclined  plane.  The  man, 
still  wriggling,  would  then  raise  his  arched  baek  as 
high  as  he  could;  and  this  may  represent  the  growth 
and  continued  circnmnutation  of  an  arched  hypocotyl 
or  epicotyl,  before  it  hiis  reached  the  surface  of  the 
ground.  As  soon  as  the  man  felt  himself  at  all  free,  lie 
Huuld  ruiac  the  upper  part  of  his  body,  whilst  still  on 
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liis knees  and  still  wriggling;  antl  tliis  may  represent 
tlic  bctwing  buckwurtls  of  the  btisul  leg  uf  the  arch, 
which  in  most  cases  aids  xn  the  withcbawal  of  tho 
cotyledons  from  the  buried  and  ruptured  seed-coaU, 
f'M  the  sabsequent  straightening  of  tho  whole  hypo- 
(■•otyl  or  epicotyl — eircumnutation  still  continuing. 

CircumntUation  of  JLy^ocotyh   and   Epicohjls,  uheti 

tfcec;.— The  hypocotyls,  epieotyls,  and  tirat  shoots  of  the 

Jflimy  seedlings  observed  by  ns,  after  they  had  becorao 

straight  and  erect,  circumuutated  continuously.     The 

diversified  figures  described  by  them,  often  during  two 

siiccessive  days,  have  been  shown  in  the  woodcuts  in 

the  last  chapter.     It  should  be  recollected  that  the 

dots  were  joined  by  straight  lines,  bo  that  tho  figures 

are  angular ;   but  if  the  observations  had  been  made 

^^very  few  minutes  the  lines  would  have  been  more 

^ftn*  less  curvilinear,  and  irregular  ellipses  or  ovals,  or 

^^berha[)s  oecasioually  circles,  would  have  been  foriuecL 

PB'he  direction  of  the  longer  axes  of  the  ellipses  made 

^luring  the  same  day  or  on  snccessive  days  generally 

tiauged  completely,  so  as  to  stand  at  right  angles  to 

ae  another.    The  number  of  irregular  ellipses  or 

^rcles  made  within  a  given  time  differs  much  with 

iifTereut  species.    Thus  with  Braseica  deracea,  Ceri7i(he 

ajor,  and  Cucurhita  ovifera  about  four  such  figures 

ivere  completed  in  1!^  h. ;  whereas  with  JSola7ium  palina- 

inthum  and  Opuntia  hasilaris,  scarcely  moro  than  one, 

The  iigures  likewise  differ  greatly  in  size ;  thus  they 

were  very  small  and  in  some  degree  doubtful  in  8tapelia, 

and  large  in  Brasaica,  &c.     The  ellipses  described  by 

Lathjrxts  nUsolui  and  Brassica  were  narrow,  whilst 

those  made  by  the  Oak  were  broad.     The  figures  are 

[Often  compliciited  by  small  loops  and  zigzug  lines. 

As  most  seedling  plants  before  the   development 
of  true  leaves  are  of  low,  sometimes  very  low  statoro, 
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the  extreme  amount  of  movement  from  side  to  side 
of  IheLr  circumnntating  stems  was  small;  tliat  of 
the  hypocotyl  of  Githago  segeium  was  about  "2  of  an 
inch,  and  that  of  Cucurhita  ovifera  about  '28.  A 
very  young  shoot  of  Lathyrus  nismlia  moved  about 
•14,  that  of  an  American  oak  '2,  that  of  the  common 
nut  only  "04,  and  a  rather  tall  shoot  of  the  Asparagus 
'11  of  an  inch.  The  extreme  amount  of  movement 
of  the  sheath-like  cotyledon  of  Phalaria  Oanarieneis 
was  '3  of  an  inch ;  but  it  did  not  more  very  quiekly, 
the  tip  crossing  on  one  occasion  five  divisions  of  the 
micrometer,  that  ia,  yj^th  of  an  inch,  in  22  m.  o  8.  A 
seedling  Nolana  progtrata  travelled  the  same  distance 
in  10  m.  38  s.  Seedling  cabbages  circumntatcd  much 
more  quickly,  for  the  tip  of  a  cotyledon  crossed 
|-J^(jth  of  an  inch  on  the  micrometer  in  3  m.  20  b.  ;  and 
this  rapid  movement,  accompanied  by  incessant  oscil- 
lations, was  a  wonderful  spectacle  when  beheld  under 
the  microscope. 

The  absence  of  light,  for  at  least  a  day,  does  not 
interfere  in  the  least  with  the  circumnutation  of  the 
hypocotyls,  epicotyls,  or  young  shoots  of  the  various 
dicotyledonous  seedlings  observed  by  us ;  nor  with  that 
of  the  young  ahoots  of  some  monocotyledons.  The 
cireum nutation  was  indeed  much  plainer  in  darkness 
than  in  light,  for  if  the  light  was  at  all  lateral  the 
stem  bent  towards  it  in  a  more  or  less  zigzag  course. 

Finally,  the  hypocotyls  of  many  seedlings  are  drawn 
during  the  winter  into  the  ground,  or  even  beneath  it 
BO  that  they  disappear.  This  remarkable  process, 
which  apparently  serves  for  their  protection,  has 
been  fully  described  by  De  Yries.*     He  shows  that 


•  '  Bot.  ZeiluDK,'  1879,  p.  64ft.  Wrg,'  Jalirg.  xvi.  p.  Ui^  na  qooteil 
See  aUo  Winkltr  in  '  Verhandl,  by  HHlterlftndt, '  Schutzeinnvlina- 
dOB  Btjt  Vereins  dor  P.  UniudtQ-      gen  dt-r  Keimpflnnze,'  1877,|».  53 
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it  is  effected  by  the  contraction  of  the  parenchyina- 
cells  of  the  root.  But  the  hypocotyl  itself  in  some 
cases  contracts  greatly,  and  although  at  first  smooth 
becomes  covered  with  zigzag  ridges,  as  we  observed 
with  Githago  segetum.  IIow  much  of  the  (bawing 
down  and  burying  of  the  hypocotyl  of  Opxmtia  hasilarii 
was  due  to  t)ie  contraction  of  this  part  and  how  murh 
to  that  of  the  radicle,  we  did  not  observe. 

Otfcnmnutation  of  Coftjledons.—  With  ail  the  dico- 
tyleilonous  seedlings  described  in  the  last  chapter,  the 
cotyledons  wore  in  constant  movement,  chiefly  in  a  ver- 
tical plane,  and  commonly  once  up  and  once  down  in 
the  course  of  the  24  hours.  Jiut  there  were  many  excep- 
tions to  such  simplicity  of  movement ;  thus  the  cotyle- 
dons of  Jponima  ^^rtilea  moved  13  times  cither  upwards 
or  downwards  iu  the  course  of  10  h.  IS  m.  Those  of 
(halis  rosea  moved  in  the  same  manner  7  times  in  the 
course  of  24  h. ;  and  those  of  Ciiasia  tora  described  5 
irregular  ellipses  in  9  h.  The  cotyledons  of  some 
individuals  of  Mimosa  pudica  and  of  Lotus  Jacohteus 
moved  only  once  up  arid  do^n  in  24  h.,  wliilst  those  of 
others  performed  witiiin  the  same  period  an  additional 
small  oscillation.  Thus  with  difterent  species,  and 
with  different  individuals  of  the  same  species,  there 
were  many  gradrttions  from  a  single  diurnal  move- 
ment to  oscillations  as  complex  as  those  of  the 
Ipomoea  and  Cassia,  The  opposite  cotyledons  on  the 
same  seedling  move  to  a  certain  extent  indopcndrntly 
of  one  another.  This  was  conspicuous  with  those  of 
Oxalis  sensttivaf  in  which  one  cotyledon  might  be 
seen  during  tlio  daytime  rising  up  until  it  stood 
Yertically,  whilst  the  opposite  one  was  sinking  down. 

Although  the  moveiuonts  of  cotyledons  were  gene- 
rally in  nenrly  the  same  vertical  plane,  yet  their 
Upward   and  downward   com-ses  never  exactly   coin- 
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cified;  so  that  ellipses,  more  or  less  narrow,  were 
described,  and  the  cotyledons  may  safely  be  said  to 
Lave  circum nutated.  Nor  could  this  fact  be  accounted 
for  by  the  mero  increase  in  length  of  the  cotyledons 
tlirough  growth,  for  this  by  itself  wonld  not  induce 
any  lateral  movement.  That  there  was  lateral  move- 
ment in  some  instances,  as  with  the  cotyledons  of  the 
(•abhage,  was  evident;  for  those,  besides  moving  up 
and  duwn,  changed  their  course  from  right  to  left  12 
times  in  14  h.  15  m.  With  Soianum  lycoperdicum  the 
cotyledons,  after  falling  in  the  forenoon,  zigzagged 
from  side  to  side  between  12  and  4  p.m.,  and  then 
commenced  rising.  The  cotyledons  of  Lupinus  luteiis 
are  80  thick  (ahout  '08  of  an  inch)  and  fleshy,*  that 
they  seemed  little  likely  to  move,  and  wore  there- 
fore observed  with  especial  interest;  they  certainly 
moved  largely  up  and  down,  and  as  the  line  traced  was 
zigzag  there  was  some  lateral  movement.  The  nine 
cotyledons  of  a  seedling  Fimis  pinaster  plainly  circum- 
nutated  ;  aiid  the  figures  described  approached  more 
neai-ly  to  irregular  circles  than  to  irregidar  ovals  or 
ellipses.  The  shcath-liko  cotyledons  of  the  Gra- 
miueae  circumnutatc,  that  is,  move  to  all  sides,  as 
plainly  aa  do  the  hypocotyls  or  epicofyls  of  any  dico- 
tyiedouous  plants.  Lastly,  the  very  young  fronds  of 
a  Feru  and  of  a  Selaginella  circumnutated. 

In  a  large  majority  of  the  cases  which  were  care- 
fully observed,  the  cotyledons  sink  a  little  dowuwanls 
in  the  forenoon,  and  rise  a  little  in  the  afternoon  or 
evening.  They  thus  stand  rather  more  highly  inclined 
during  the  night  than  during  the  mid-day,  at  which 


•  Tlip  ontyloilims,  tlmntjh  bright 
grcf-n,  rL^scinble  tn  h  coi'Uiin  tx- 
ti-nt  hypDgcnii  oiu^;  Bee  the  ni- 
torofstin-;    diiM-uspioti    bv   Haber- 


Ac,  1877, p. 95), on  the  p^dutiona 
in  the  I-opun.inogaj  tH-tween  tinb- 
ni-ritil  nnd  autt<.-rraii£aQ  cotvlo- 
dons. 


I 


Cm.  IL      OIUCUMiJUXA-nON  OF  COTYLEDO.VS.  Ill 

time  tliey  are  expanded  almost  horizontally.     The 

circamnutating   movement  is  thus  at  least  partially 

periodic,  no  doubt  in  connection,  as  wo  sliall  liereafter 

*ee,irith  the  daily  aIt<;rnatious  of  light  and  daikuesd. 

The  cotyledons  of  several  pluuts  move  up  so  much  at 

night  as  to  stand  nearly  or  quite  vertically ;  and  in 

tliis  latter  case  they  come  into  close  contact  with  one 

auother.     On   the  other   hand,  the  ootyledoua  of  a 

fuff  plants  sink   almost  or  (juite  vertically  tiuwu   at 

flight ;  and  in  this  latter  case  they  clasp  the  upper 

part  of  the  hypocotyl.    In.  the  same  genus  Oxalis  the 

'cotyledons  of  certain  species  stand  vertically  up,  and 

iliosc  of  other  species  vcrtictdly  duwu,  at  night.     In 

1  such  cases  the  cotyledons  may  be  said  to  sleep, 

br  they  act  in  tho  same  manner  as  do  the  leaves  of 

tnany  sleeping  plants.      This   is  a  movement  for  a 

cial  purpose,  and  will  therefore  be  considered  in  a 

future  chapter  devoteil  to  this  subject. 

In  onler  to  gain  some  rude  notion  of  the  proportional 

tnumber  of  c&sga   in  which   tliu  cotyledons  of  dico- 

j^ledonous   plants   (hypogean   ones   being   of  course 

ixcluded)   changed   their   position  in  a  conspicuous 

anner    at   nighty    one    or   more   species   in   several 

;encra  were  cursorily  observed,  besides  those  described 

the  last  chapter.     Altogether  J  53  genera,  included 

as  many  families  as  could  be  procured,  were  thus 

bservcd  by   us.     The  cotyledons  were  looked  at  iu 

,e  middle  of  the  day  and  again  at  night;  and  those 

noted  as  sleeping  which  stood  either  vertically 

%i  an  angle  of  at  least  GO'  above  or  beneath  the 

rizon.     Of  such  genera  there  were  26  ;  and  in  21  of 

ihem  tlie  cotyledons  of  some  of  the  species  rose,  and 

in  only  0  sank  at  night;  and  some  of  these  latter 

cases  are  rather  doubtful  from  causes  to  be  explained 

the  chapter  on  the  sleep  of  cotyledons.      When 
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eotyloflons  which  at  noon  were  nearly  horizontal,  stood 
at  night  at  nioro  than  20°  and  less  than  60"  above  the 
horizon,  they  were  recorded  as  ^'plainly  raised;**  and 
of  such  genera  there  were  38.  We  diil  not  meet  with 
any  distinct  instances  of  cotyledons  periodically  sink- 
ing only  a  few  degrees  at  night,  although  no  doubt 
such  occur.  We  have  now  accounted  for  64  genera 
out  of  the  153,  and  there  remain  8J)  in  which  tho 
cotyledons  did  not  change  their  position  at  night  by 
as  much  as  20* — that  is,  in  a  conspicuous  manner 
which  could  easily  be  detected  by  tho  unaided  eye  and 
by  memory ;  but  it  must  not  be  inferred  from  this 
statement  that  these  cotyledons  did  not  move  at  all, 
for  in  several  cases  a  rise  of  a  few  degrees  was  re- 
cordef],  when  they  were  carefully  observed.  The 
number  8IJ  might  have  been  a  little  increased,  for  the 
cotyledons  remained  almost  horizontal  at  night  in 
some  species  in  a  few  genera,  for  instance,  Trifo- 
lium  and  Geranium,  which  are  included  amongst  the 
sleepers,  such  genera  might  therefore  have  been  added 
to  the  SO.  Again,  one  species  of  Oxalis  generally 
raised  its  cotyledons  at  night  more  than  20"*  and  less 
than  60^*  above  the  horizon  ;  so  that  this  genus  might 
have  been  included  under  two  heads.  But  as  several 
species  in  the  same  genus  were  not  often  observed, 
such  double  entries  have  been  avoided. 

In  a  future  chapter  it  will  be  shown  that  the  leaves 
of  many  plants  which  do  not  sleep,  rise  a  few  degrees  in 
the  evening  and  during  the  early  part  of  the  night; 
and  it  will  bo  convenient  to  defer  until  then  the 
consideration  of  the  periodicity  of  the  movements  of 
cotyledons. 

On  the  Pxdvini  or  Joints  of  Cotyledons. — With  several 
of  the  seedlings  described  in  this  and  the  liist  chapter, 
the  summit  of  the  petiole  is  developed  into  a  pulvinus, 
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CDshion.  or  joint  (fts  this  organ  has  bo4.'n  variously 
called),  like  that  with  which  maDy  leavefl  are  provided, 
It  cousists  of  a  mass  of  small  cells  usually  of  a  pale 
colour  from  the  absence  of  clilornphyll,  and  with  its 
outline  more  or  less  convex,  aa  shown  in  the  annexed 
figure.    In  the  case  of  Oxalis 

Kimtiva    two-thij-ds    of   the  *"*«•  ^^ 

petiole,  and  in   that  of  Mi-  * 

mosa  pudka^  apparently  the 

whole  of  the  short  sub- 
petioles  of  the  leaflets  have 

been  converted  into  pnlvini. 

"W'ith  pulvinated  leaves  (i.e. 

those  provided   with  a  pul- 

vinus)  their  periodical  move- 

rccnts  depend,  according  to 

Pfeffer,"  on  the  cells  of  the 

pulvinns  alternately  expand- 
ing more  quickly  on  one  side 

than  on  the  other;  whereas 

tho    similar    movements    of 

leaves  not  provided  with  pnl- 
vini, depend  on  their  .growth 

being  alternately  more  rapid 

on   one   side    than    on   the 

ither.f     As  long  as  a  leaf 

provided  with  a  pnlvinus  is 

young  and  continues  to  grow, 

its  movement  depends  on  both  these  causes  combined  ;t 

(fcnd  if  the  view  now  held  by  many  botanists  be  sonnd, 
namely,  that  growth  is  always  preceded  by  the  expan- 
sion of  the  growing  cells,  then  the  difference  between 
the  movementa  induced  by   the  aid  of  pulvini  and 


I 

I 

OE 
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OxiiUsrosea;  lonprodinal  section 
ot  n  )iulviima  on  the  eummlt 
cf  the  peliole  of  a  cotrluJou, 
drawD  with  tha  camera  luciti&f 
in.-ignilieil  75  tim» :  p,  p,  pe- 
tiole ;  /',  fibr»-vascular  bimdie ; 
(i,  '>,  cnmn)«iici-uiviit  ul'  blude  Ol 
cotyledon. 


■Die   Pfrindifiohe   Bewfigun- 
|en  der  Bliittnrgane/  lfl75. 


t  Batalin, 'Flora.' Oct.  Ist,  1873 
;  I'rufl'vr,  ibiil.  p.  3. 
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without  such  aid,  Is  reduced  to  the  expansion  of  the 
cells  not  being  followed  by  growth  in  the  first  cuhc, 
and  being  so  followed  in  the  second  case. 

Dots  were  made  with  Indian  ink  along  the  midrib 
of  both  pulviuated  cotyledons  of  a  rather  old  seedling 
of  Oxalis  Vcddiviana ;  their  distances  w'ere  repeatedly 
measured  with  an  eye-piece  micrometer  during  8^  days, 
and  they  did  not  exhibit  the  least  trace  of  increase. 
It  is  therefore  almost  certain  that  the  pulvinus  itself 
wtts  not  then  growing.  Nevertheless,  during  this 
whole  time  and  for  teu  days  afterwards,  these  coty- 
ledons rose  vertically  every  night.  In  the  case  of 
some  seedlings  raised  from  seeds  purchased  under  the 
name  of  Oxalis  Jlonhunda,  the  cotyledons  continued 
for  a  long  time  to  move  vertically  dawn  at  night,  and 
the  movement  apparently  depended  exclusively  on 
the  pulvini,  for  their  petioles  were  of  nearly  the  same 
length  in  young,  aud  in  old  seedlings  which  liad  pro- 
duced true  leaves.  With  some  species  of  Cassia.,  ou 
the  otiier  hand,  it  wjis  obvious  without  any  measure- 
ment that  the  pulvinated  cotyledons  continued  to 
inoreiiso  grealiy  in  length  during  some  weeks;  so  that 
liL-re  the  uxpausiou  of  the  cells  of  the  pulvini  and  the 
growth  of  the  petiole  were  probably  combined  m 
causing  tlieir  prolonged  periodic  movements.  It  was 
eijually  evident  that  the  cotyledons  of  many  plants, 
not  provided  with  pulvini,  increased  rapidly  in  length; 
and  their  periodic  movements  no  doubt  wore  exclu- 
sively due  to  growth. 

In  acc<3rdttUL'o  with  the  view  that  the  periodic 
movements  of  all  cotyledons  depend  primarily  ou  the 
expansion  of  the  cells,  whether  or  not  followed  by 
growth,  we  can  understand  the  fact  that  there  is  but 
little  difference  in  the  kind  or  form  of  movement 
in  the  two  sets  of  cases.    This  may  be  seen  by  com* 
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paring  the  tliagrams  given  in  the  last  cliapter.  TJiua 
the  movements  of  the  cotyledoua  of  Brassiea  ohraoea 
aud  of  Ipomcea  cxruJea^  wliieh  ai-e  not  provided  with 
pulviiii,  are  as  complex  aa  those  of  OxaliB  aud  Cusata 
which  are  thus  pi-ovided.  The  pulvinated  cotyledous 
of  some  individuals  of  Mimosa  pttdica  and  Lo(h9 
Jacohxus  made  only  a  single  oscillatiuu,  ivhilst  th(»d© 
of  other  individuals  moved  twice  up  aud  down  in  tho 
course  of  1^4  hours;  so  it  was  occasionally  with  tlie 
cotvJcdons  of  Cu&urhita  ovifera,  which  are  destitute  of 
a  pnlvinus.  The  movementa  of  pnlvinatcd  cotyledons 
are  generally  larger  in  extent  than  those  without  a 
jmlvinus;  nevertheless  some  of  the  latter  moved 
throngh  an  angle  of  90^  There  is,  however,  one 
important  difference  in  the  two  sets  of  cases ;  the 
nocturnal  movements  of  cotyledons  without  pulvini, 
for  instance,  those  in  the  Crncifcra?,  Cncurbitacere, 
Githago,  aud  Beta,  never  last  even  for  a  week,  to  any 
conspicuous  degree.  Pnlvinated  cotyledons,  on  the 
other  hand,  continue  to  rise  at  night  for  a  much 
longer  period,  even  for  moro  than  a  month,  as  we 
shall  now  show.  But  the  period  no  doubt  depends 
largely  on  the  temperature  to  which  the  seedlings  are 
exposed  and  their  consequent  rate  of  development. 


Oxa2i»  Valdiviana.— Some  cotyledons  which  had  lately  opened 
and  were  horizontal  on  Mni-ch  Gth  at  noon,  stood  nt  ni^ht  v^ir- 
ticallynp;  on  the  13tli  the  first  true  leaf  was  O^rmud,  auj  waa 
emhraced.  at  nipht  by  the  cotyleiloiiB;  on  April  9tli,  after  an  in- 
terval of  35  dtxys,  six  leaves  were  developed,  and  yet  the  coty- 
ledons rose  almost  vertically  at  night.  The  cotyledons  of 
another  ae&lling,  which  when  first  ohservcd  liiid  already  pro- 
duced a  leaf,  stood  vertically  at,  niyht  aud  eontinned  to  do  bo  for 
11  additional  diys.  After  16  days  from  tlie  first  observation 
two  leaves  were  dovelopcdr  aed  tho  cotyledons  were  still  greatly 
raised  at  eight.  After  21  days  the  oolylodons  during  the  day 
were  deflected  beneath  the  horizon,  but  at  night  were  raised  4  i° 
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uiioye  it  After  24  days  from  the  first  obscrration  (b^;uu  after 
a  true  leaf  had  been  developed)  the  cotyledons  coaled  to  rise  at 
iiiglit. 

Ojalit  (Bitfphytuni')  sms/ii'ta.— The  cotyledons  of  several  eeod- 
linK«,  45  days  after  tlioir  first  expansion,  stood  nearly  vertical  at 
night.  Olid  closely  embraced  either  one  or  two  true  leaves  wliich 
by  this  time  had  been  formed.  These  seedlings  had  been  kept 
in  a  very  warm  house,  and  their  development  had  been  rapid. 

(fxiiUs  cornicfiliita.— The  cotyledons  do  not  stacd  vertical  at 
night,  but  generally  rise  to  an  angle  of  abont  45'^  al>ove  the 
Ijorizon.  They  ctjutinned  thus  to  net  for  23  days  after  their 
first  expansion,  by  which  time  iwo  leaves  had  been  formed ; 
«vGn  after  29  days  they  still  rose  moderately  above  their  hori- 
zontal or  downwardly  deflected  diuinal  position. 

Mirnvsa  jMitliv<t.—ThQ  cotyledons  were  expanded  for  the  first 
time  on  Nov.  2nd,  and  stood  vertical  at  night.  On  the  loth  the 
first  leaf  was  formed,  and  at  night  tlio  cotyledoofi  were  vertical. 
On  the  28th  they  behaved  in  the  same  manner.  On  Dec.  loth, 
that  is  after  44  days,  tho  cotyledons  wore  still  considerably 
raised  at  night;  but  those  of  another  seedling,  only  one  day 
older,  were  raised  very  littlo. 

Mimosa  iilbidti. — A  seedling  was  observed  during  only  12  days, 
by  wliich  time  a  leaf  had  boon  formed,  and  the  cotyledons  were 
then  quite  vertical  at  night. 

Tr'/uiium  aubt'.rran'-mn. — A  seedling,  8  days  old,  had  its  coty- 
ledons horizontal  at  10.30  A.M.  and  vertical  at  9.15  p.m.  After  an 
interval  of  two  months,  by  which  time  the  first  and  second  true 
leaves  had  been  developed,  the  cotyledons  still  performed  the 
same  movement.  They  bad  now  increased  greatly  in  size,  and 
liiid  become  oval;  and  their  ]>etiolcB  were  actually  '8  of  an  inch 
in  length  1 

Tri/oU'tm  sfricium. — After  17  days  the  cotyledons  still  rose  at 
night,  but  were  not  afterwards  observed. 

Lotus  Jacubtt'ts, — The  eotyledons  of  some  seedlingB  liaving 
w6ll-develo])ed  leaves  rose  to  an  angle  of  about  45"  at  night; 
and  oven  after  3  or  4  whorls  of  leaves  had  been  formed,  the  co- 
tyledons rose  at  night  constdcrabty  above  their  diurnal  hori- 
zontal position. 

(7as«i<*  mimostiitles. — The  cotyledons  of  this  Indian  species, 
14  dajs  after  their  first  expansion,  and  when  a  leaf  had  been 
formed,  stood  during  the  day  horizontal,  and  at  night  vertical. 

Cassia  »p  f  (a  targe  S.  Bra7:ihan  tree  roiaod  from  seeds  sent  m 


CUAP.   O. 


PULVIXI  OF  COTYLEDONS. 


117 


by  P.  Mullcr).— The  ootylodons,  after  16  days  from  their  first 
ap»nsioD>  luid  increast*!  grejitly  in  size  with  two  leaves  jiiKt 
lonnMl.  Thej  stood  horizontally  during  the  day  and  vertically 
at  iiigbt,  but  were  not  afterwards  oliaerred. 

Cuisiu  ntglecla  (likewise  a  S.  Brazilian  Rpories). — A  seedling, 
b^iiuys  after  the  iu-st  exxumsion  of  ita  cotyleiloiis,  was  betu-LCU  3 
uid  4  inches  in  beiKht^  with  3  well*developt!d  Jeares;  and  llie 
cotyledons,  which  duriug  the  day  were  nearly  horizoutU,  ai  night 
Btood  Tortical,  closely  embracing  the  young  stem.  Xho  cotylo- 
doQB  of  another  Bcedliug  of  the  sume  age,  5  inches  in  height, 
«ith  4  vell-dcvcloped  leaves,  behaved  at  night  in  exactly  the 
Bsoie  manner. 


I 


It  is  knowu  •  that  there  is  no  diflerence  in  structure 
t«tweeu  the  upper  and  lower  hulvcs  of  the  pulvini  of 
Wes,  sufficient  to  account  for  their  ujiward  or  down- 
*iU"d  movements.     In  this  respect  cotyledons  oiTer  an 
uuiisuliy  good  opportunity  for  comparing  the  structure 
^1'  the  two  halves ;  for  the  colyk'dons  of  OxuUs  Valdi- 
^kna  rise  vertically  at  night,  whilst  those  of  0.  rosea 
Wak  vertically ;  yet  when  sections  of  their  pulvini  were 
^ade,  no  clear  ditTerence  could  be  detected  betwooii  tiie 
corresponding  halves  of  this  organ  in  the  two  species 
which  move  so  differently.     With  0.  roseaj  however, 
liere  were  rather  mure  cells  in  the  lower  thuu  in  the 
flpper  half,  but  tins  was  likewise  the  case  in  one  speci- 
men of  0.  Valdiviarta.     The  cotyledons  of  both  species 
(clj  mm.  in  length)  were   examined   in  tbo  morning 
viiiist  extended  horizontally,  and  the  u]>per  surface  of 
le  pulvinus  of  0.  rosea  was  then  wrinkled  transversely, 
owing  that  it  was  in  a  state  of  compression,  and  this 
ight  have  been  expected  as  the  cotyledons  sink  at 
night;   with    0.  Valdiviana.  it  was   the  lower  surface 
which  was  wrinkled,  and  its  cotyledons  rise  at  night, 
Xrifolium  is  a  niitural  genus,  and  the  leaves  of  all 
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the  apecies  seen  by  us  are  pulvinated;  so  it  is  with 
the  cotyledoaa  of  T.  suhterraneum  and  strictum^  which 
stand  vertically  at  niglit;  wliereas  those  of  1\  resupi- 
na6u7ii  exhibit  not  a  tmce  of  a  pulviniis,  nor  of  any 
nocturnal  movement.  This  was  ascertained  by  meu- 
suriug  the  distance  between  the  tips  of  the  cotyledons 
of  four  seedlings  at  mid-day  and  at  night.  In  Ibis 
species,  however,  as  in  the  othcis,  the  lirat-fornied  leaf, 
which  is  simple  or  not  trifoliate,  rises  up  and  sleeps 
like  the  terminal  leaflet  on  a  mature  plant. 

In  another  natural  genus,  Osalis,  the  cotyledims  of 
0.  Valdiviaiui,  roaea,  Jiorihundat  articulata,  and  s&nsitiva 
are  pulvinated,  and  all  move  at  night  into  an  upward 
or  downward  vertica!  position.  In  these  several  8j>ecie8 
the  pulvinus  is  seated  close  to  the  blade  of  the  coty- 
ledon, as  is  the  iisual  rule  with  most  plants.  Oxalis  cor- 
niculata  (var.  Atro-pur2)urea)  diilers  in  several  respects; 
the  cotyledons  rise  at  night  to  a  veiy  variable  amount, 
rarely  more  than  45^;  and  in  one  lot  of  seedlings 
(purchased  under  the  nimie  of  0.  tropmoloidcs,  but 
cert-aiuly  belonging  to  the  above  variety)  they  roso 
only  from  5*  to  15^  above  the  horiaon.  The  pulvinus 
is  developed  imperfectly  and  to  an  extremely  variable 
degree,  so  that  apparently  it  is  tending  towards  abor- 
tion. No  such  case  has  hitherto,  we  believe,  been 
described.  It  is  coloured  green  from  its  cells  con- 
taining chlorophyll ;  and  it  is  seated  nearly  in  tbe 
middle  of  the  petiole,  instead  of  at  the  upper  end  as 
in  all  the  other  species.  The  nocturnal  movement  is 
effected  partly  by  its  aid,  and  partly  by  the  growth  of 
the  upper  part  of  the  petiole  as  in  the  case  of  pluuta 
destitute  of  a  pulvinus.  Frm  these  several  reasons 
and  from  our  having  partially  traced  the  develu|>- 
ment  of  tbe  pulvinus  from  an  early  age,  the  caao 
seems  worth  doscribitijjr  in  sonic  detail. 


When  the  cotyledoQB  of  O.mmiculata  were  dissected  out  of  a 
leed  fiwm  which  they  wotild  soon  have  naturally  emerged,  nu 
tmce  of  a  pnlviung  could  be  detected  ;  and  all  the  c«lls  forming 
tli«  short  petiole,  7  in  nuinl»cr  in  a  lonsitudinal  row,  were  of  nearly 
t<|ua!  size.  In  ucedlingB  one  or  two  days  old,  the  pulviuus  waa 
E<i  iniitstinct  that  we  thought  at  Hrst  that  it  <iid  not  exiKt ;  bnt 
in  tho  middle  of  the  petiole  an  ill-dcfincd  triiusvcrse  zone  of  cells 
coQid  he  seen,  which  wcro  mnch  Bhorter  than  those  both  altore 
uid  below,  although  of  the  somo  breadth  with  iboni.  They 
pnaentod  the  appearance  of  having  been  just  formed  by  the 
tr&iurerse  division  of  longer  cells ;  and  there  can  bo  little  doubt 
ttiit  this  hod  occurred,  for  the  cells  in  Uic  petiole  which  bad 

Fig-  64. 


A,  B. 

"'i/t's  comicuiata:  A  t\nd  B  the  alimat  rudimcntjiry  piilvini  of  Ihe  cotj- 
)«<]ona  of  I.WU  nither  old  a««dliiig»,  vivwcd  u  tmnsparant  ob)«cU. 
Uagailied  50  times. 

besM  dissected  out  of  the  seed  averaged  in  length  7  divisions 
of  the  micrometer  (each  division  ermalling  "003  mm  ),  and  wore 
a  little  longer  than  tliose  forniinj^  a  well-developed  pulvinuB, 
Tliich  varied  iwtwecn  4  and  G  of  these  same  divisions.  After  a 
fsw  additional  days  the  ill-defined  zone  of  cells  Ixicomos  distinct, 
and  although  it  docB  not  extend  across  tho  wholo  width  of  tho 
petiole,  and  although  the  cells  are  of  a  green  colour  from  contain* 
iug  chloror>hyll,  yet  they  certainly  (constitute;  a  pulvinus,  which, 
B6W0  shall  presently  eee,  acts  as  one.  ThcBO  Finall  cells  were 
arranged  in  longitudinal  rows,  and  varied  from  4  to  7  in  nunil  »cr ; 
and  the  cells  themselves  varied  in  length  in  diflereut  larta  of  the 
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Raine  pitlviuiis  and  in  difForont  individuals.  In  the  accompany- 
ing tiKures,  A  ami  B  (Fig.  64),  wo  have  views  of  the  epidernua  • 
in  the  middle  part  of  the  petioles  of  two  eeedlingB,  in  whicu  Uio 
pulvinus  was  for  this  species  well  developed.  They  offer  a 
Rtrikiutj  coiitraflt  with  the  pulvinus  of  C.  rosea  (seo  former 
Fig.  63),  or  of  O.  VuhiivCwa.  With  the  sttdlings,  faisdy  willed 
0.  tro/^ctoloides,  the  cotyledons  of  which  rise  vei-y  little  at  night, 
the  email  cells  were  still  fewer  in  number  and  in  parts  funned 
a  single  tranavoi-so  row,  and  in  other  parts  short  longitudinal 
rows  of  only  two  or  three.  Nevertlieless  tliey  sufliced  to  attract 
the  eye,  when  the  whole  petiole  was  viewed  iis  a  transparent 
object  beneath  the  microscope.  In  these  seetllings  there  could 
hardly  bo  a  doubt  that  tlie  pulvinus  was  beooiniug  rudimentAry 
and  tending  to  disappear;  and  this  accounts  for  its  great 
vuriiibility  in  structure  and  function. 

In  the  following  Table  some  nieusuromcnts  of  the  cells  in 
fiiirly  well-developed  pulvini  of  0.  comkulutu  arc  given: — 

Seedling  I  day  old,  with  cotykdon  23  mm.  in  length. 

Division  i  of 
U  icrometer.t 

Ai'srnge  length  ofcellsor  palrians        6  to  7 

Lcngtb  of  loHfrcift  oiU  Leiow  the  pulviuus      13 

Lungtb  of  longcbt  cell  abuv«  thu  pulviouii      20 

Se&iiinij  b  diys  old,  cotyledon  :!*l  mm,  m  Icnjlh,  tci.'A  tlte ptUomtta 
quitcr  Uistiw-t. 

Average  Icnjfth  ofccltB  of  ijulvinua         0 

Length  of  longcat  cell  beluvv  the  piilviuua      22 

Length  of  longest  ctfit  atjuva  thti  [>ulvtnus     40 

S«ediing  8  dai^s  old,  ixtfjicdon  b  mm.  in  length,  with  a  tive  leaf 
formed  hut  not  i/et  expanded. 

Areruge  length  of  cell*  of  put  rinui         9 

Length  of  loagest  mII  bfllow  the  pulriuus 44 

Length  of  luQgest  cell  above  th€  pulviuus      70 

Seedling  13  da^s  old,  ojt'iledon  4  5  mm.  i«  IcngVi,  vitha  snvdt 
true  leaf  fuilg  decehped. 

Averftge  leiigthof  cells  of  pulvinus        7 

Length  of  lougest  cell  bulovv  the  pulvinus SO 

Length  of  longest  cell  above  Iho  pulriuus (.0 


•  I>ongi1u*lmaI  soctlone  show 
tiiMt  the  furtiiH  ol'  the  epidi^ruiii: 
2«lli  rnny  bo  lakon  iisi  u  fnir  rcprt^- 
■ouUitJau  of  thodo  uun^ljtutiug  tliu 


pulvluui). 

t  Kiicb  dlvUiou  oqualted   'OOQ 
mil). 
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We  here  see  that  the  cells  of  the  pnlvinns  jncreaso  but  little 
length  vrith  advonciDg  nge,  in  comparison  with  those  of  the 
etiole  both  ftbove  and  below  it ;  but  tbey  continue  to  grow  in 
vidth,  and  keep  equal  in  this  respect  with  the  other  cells  of 
be  petiole.  The  rate  of  growth,  however,  Tories  in  all  jartw 
9f  the  cotyledons,  as  may  bo  observed  in  the  mcafiurcmcntii  of 
be  S-drtys*  old  BeedUng. 

The  cotyledons  of  seedlings  only  a  day  old  rise  at  night  con- 
(iderably,  sumetimes  as  much  as  afterwards;  but  tlicre  was 
ouch  ■variation  in  tliift  respect.  As  the  pulvinus  is  so  indistinct 
%t  first,  the  movement  probably  does  not  then  depend  on  the 
'expansion  of  its  colls,  but  ou  periodically  unequal  growth  in 
Ibe  petiole.  By  the  comparison  of  seotlh"ng3  of  different  known 
^Kages,  it  was  evident  that  tlie  cliief  scat  of  gi-owth  of  the  petiole 
^Bvas  in  the  upper  part  between  the  pulvinus  and  tlie  blotle ; 
^^Mnd  this  agrees  with  the  fact  (shown  in  the  measurements  above 
^Rgiven)  that  the  cells  grow  to  a  greater  length  in  the  upper  than 
^vin  the  lower  part.  With  a  seedling  II  days  old,  the  nocturnal 
^Piisc  was  found  to  depend  lai-gcly  on  the  action  of  the  pulvinus, 
for  the  petiole  at  night  was  curved  upwards  at  tlua  point;  and 

•during  the  day,  whilst  the  petiole  was  horizontal,  the  lower 
Burfaco  of  the  pulvinus  was  wrinkled  with  the  upper  surface 
tense.  Although  the  cotyledons  at  an  advanced  age  do  not  rise 
at  ni^zbt  to  a  higher  inclination  than  whilst  young,  yet  they  have 
to  pass  through  a  larger  angle  (in  one  instance  amoimting  to 
1)3')  to  gain  their  nocturnal  position,  as  they  are  generally 

P deflected  beneath  the  horizon  during  the  day.  Even  with  the 
11-days'  old  seedh'ng  the  movement  did  not  depend  exclusively 
on  the  pulvinus,  for  the  blade  wJiere  joined  to  the  petiole  was 
curved  upwards,  and  this  must  bo  attributed  to  unequal  growth. 
Therefore  the  periodic  movements  of  the  cotyledons  of  O.  corni- 
culata  depend  on  two  distinct  but  cotgoint  actions,  namtly,  the 
expansion  of  the  colls  of  the  pulvinus  and  on  the  growth  of 
the  upper  part  of  the  petiole,  including  the  base  of  the  blade. 

].otta  JacotxEus. — The  seedlings  of  this  plant  present  a  case 
parallel  to  that  of  Oxalis  corrticulatit  in  some  reepecte,  and  in 
others  unique,  as  far  as  we  have  seen.  The  cotyledons  during 
tlie  first  4  or  5  days  of  ihcir  life  do  not  exhibit  any  plain  noc- 
turnal movement ;  but  afterwards  they  stand  vertically  or 
ahuoetvcrkicaily  up  at  night  There  is,  however,  some  decree  of 
variability  in  this  respect,  apparently  dependent  on  the  ficasou 
bftnd  ou  the  degree  to  which  they  have  been  illuminated  during 
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the  day.  With  older  seedlings,  having  cotyledons  4  mm.  id 
length,  -which  rise  coneidt-rnbly  at  night,  thcro  is  a  well  -deTe- 
lopod  piilvinns  close  to  tlie  blade,  coloni-Iess,  and  rather  nar- 
rower than  Ihe  rest  of  the  petiole,  from  which  it  ia  nbrnptly 
iiepRrated.  It  ie  formed  of  a  mass  of  small  cells  of  an  average 
length  of  -021  nun.;  -vrhereas  the  cpIIs  in  the  lower  part  of  the 
ptitiole  are  ohont  '06  mm.,  and  those*  in  the  blade  from  -034  to 
•04  mm.  in  length.  The  epidermic  colls  in  the  lower  part  of  the 
f>etiol6  project  conically,  and  thus  differ  in  shape  from  those 
over  the  pulvinus. 

Turniug  now  to  very  young  schillings,  the  cotyledons  of  wliich 
do  not  rise  at  night  and  are  only  from  2  to  'Ji  mm.  in  length, 
their  petioles  do  not  exhibit  any  defined  zone  of  small  cells, 
destitute  of  chlorophyll  and  differing  in  shape  exteriorly  from 
the  lower  onea.  Nevertheks.s,  the  cells  at  the  pitice  where  a 
polviniLS  will  arttrwarda  bo  developed  are  smaller  (l>eing  on  an 
average  '015  mm.  in  length)  than  thoss  in  the  lower  parte  of 
tho  same  petiole,  which  gradually  l>eL-omo  larger  in  proceeding 
downwards,  tho  largest  being  030  mm.  in  length.  At  this  early 
age  the  cells  of  the  bJatle  arc  about  '027  mm.  in  length.  We 
thus  see  that  tho  pulvinus  is  formed  by  the  cells  in  the  upper- 
most part  of  tho  petiole,  continuing  for  only  a  short  time  to 
increase  in  lon^th,  then  being  arrested  in  their  growth,  acooiu- 
paniod  by  tho  loss  of  their  chlorophyll  grains;  whilst  the  colls 
in  the  lower  part  of  the  petiole  contiuuo  fur  a  long  time  to 
increase  in  length,  those  of  the  epidermis  incoming  more  conical. 
Tho  singular  fact  of  tho  cotyledons  of  this  jilarit  not  sleeping  at 
tirst  is  thcrcfoi'e  due  to  the  pulvinus  not  K'iug  developed  at  uo 
early  age. 

We  Icam  from  tbese  two  cases  of  Lotus  and  O.xalis, 
tbut  the  development  of  a  pulvinus  follows  from  tho 
growth  of  the  cells  over  a  small  defined  space  of  the 
petiole  being  almost  arrested  ut  au  early  age.  AVith 
Lotus  Jacobwus  the  cells  at  £rst  increase  a  little  iu 
length ;  in  Oxalis  comieulata  they  decrease  a  little, 
owing  to  sell-division.  A  mass  of  such  small  cells 
forming  a  pulvinus,  might  therefore  be  either  acquired 
or  lost  without  any  special  difficulty,  by  different 
species  in  the  same  uatural  genus:  and  we  know  that 
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vdih  seedlings  of  Trifolium,  Lotus,  and  Oxalis  some  oi 
tlie  species  have  a  well-developed  pulvinus,  and  others 
have  none,  or  one  in  a  rudimentary  condition.  As  tlie 
movements  caused  by  the  alternate  tnrgescence  of 
the  cells  in  the  two  halves  of  a  pulvinus,  must  l)o 
largely  determined  by  the  extensibility  and  subse- 
quent contraction  of  their  walls,  wc  can  perhaps  under- 
stand why  a  large  number  of  small  cells  will  bo  more 
efficient  than  a  small  number  of  large  cells  occupying 
the  same  space.  As  a  pulviuus  is  farmed  by  the 
arrestment  of  the  growth  of  its  cells,  movements  de- 
pendent on  their  action  may  be  long-continued  withou 

'  any  increase  in  length  of  the  part  thus  provided ; 
and  such  long-continued  movements  seem  to  be  one 
chief  end  gained  by  the  development  of  a  pulvinus. 
Long-continued  movement  would  bo  imposaiblo  in  any 

[  part,  without  an  inordinate  increase  in  its  length,  if  the 
turgescenco  of  the  cells  was  always  followed  by  growth. 
Disturbance  of  ilte  Periodic  Moveimnts  of  Cotyledons  hy 
Lig}U. — The  hypocotyls  and  cotyledons  of  most  seed- 
ling plants  arc,  as  is  well  known,  extremely  heliotropic ; 
but  cotyledons,  besides  being  heliotropic,  are  affected 
paratonically  (to  use  Sachs'  expression)  by  light;  that 
is,  their  daily  periodic  movements  are  greatly  and 
quickly  disturbed  by  changes  in  its  intensity  or  by 
its  absence.  It  is  not  that  they  cease  to  circumnutate 
in  darkness,  for  in  all  the  many  cases  ob.3er\*ed  by  us 
they  continued  to  do  so;  but  the  normal  order  of 
their  movoracnts  in  relation  to  the  alternations  of  day 
and  night  is  much  disturbed  or  quite  annulled.  This 
holds  good  with  species  the  cotyledons  of  which  rise 
or  sink  so  much  at  night  that  they  may  be  said  to 
sleep,  as  well  as  with  others  w^hich  rise  only  a  little. 
But  different  species  are  affected  in  very  different 
degrees  by  changes  in  the  light. 
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For  instance,  tiie  cotyledons  of  Beta  vulgaris,  Soianum  lyeoj^er' 
iicuiR,  C^intht  major,  and  Lvpinm  luteus,  when  placed  in  dark- 
ness^ moved  down  during  the  afternoon  and  early  night,  instead 
of  rising  flfi  they  would  iiave  done  if  they  had  hcen  exposed  to 
the  light.  All  the  individnals  of  the  Solnnum  did  not  hehave 
in  the  same  manner,  for  the  cotyledons  of  one  circumuutated 
alxmt  the  same  fpot  botweoii  2.30  and  10  p.m.  TIib  colyleilons 
of  a  seodlinj;  of  OxaJin  corniculat-j,  which  was  feebly  illuminated 
from  above,  moved  downwards  during  the  first  morning  in  the 
normal  manner,  but  on  the  Rccond  morning  it  moved  upwards. 
The  cotyledons  of  J.otus  Jarohaus  were  not  affeetcd  by  4  h.  of 
complete  dftrkn(*8s,  hut  when  placed  under  a  double  skylight 
and  thus  feebly  illuminated,  they  quite  lost  their  periodical 
moTementa  on  the  third  morning.  On  the  other  hand,  the 
cotyledons  of  Cuctirbtta  ovi/eia  moved  in  tlie  normal  manner 
during  a  whole  day  in  darkness. 

Seedlings  of  Githago  segetum  were  feebly  illuminated  from 
nbove  in  the  morning  before  their  cotyledons  had  expanded,  and 
they  remained  closed  for  the  next  40  h.  Other  seedlings  were 
placed  in  the  dark  after  their  cotyledons  had  opened  in  the 
morning  and  these  did  not  begin  to  close  until  alx)ut4h.  had 
elapsed.  The  cotyledons  of  Ox'dia  ron'a  sank  vertically  down- 
wards after  beiDg  left  for  lb. 20m.  in  darkness;  but  those  of 
some  other  species  of  Osalis  were  not  affected  by  several  hours 
of  darkness.  The  cotyledons  of  several  species  of  Ca^a  are 
eminently  susceptible  to  changes  in  the  degree  of  light  to  which 
they  ai-a  exposed:  tlius  eeedlings  of  an  unnamed  S.  Brazilian 
Bpccics  (a  large  and  beautiful  tree)  were  broiight  out  of  the  hot- 
house and  placed  on  a  table  in  tlie  middle  of  a  room  with  two 
north-east  and  one  north-west  window,  so  that  they  were  fairly 
well  illuminated,  though  of  course  less  so  than  in  the  hot-house, 
the  day  being  modorat-t;Iy  bright;  and  after  3G  m.  the  cotyledons 
which  had  l)een  horizontal  rose  up  vertically  and  closed  together 
as  when  asleep ;  after  tlms  remaining  on  the  table  for  1  h.  13  lu. 
they  began  to  open.  The  cotyledons  of  young  seedlings  of  another 
Brazilian  species  aud  of  C.  neghda,  treated  in  the  same  manner, 
behaved  similarly,  excepting  that  they  did  not  rise  up  quite  so 
much:  they  again  became  horizontal  after  about  an  hour. 

Here  is  a  more  interesting  case :  Peedlings  of  Cassia  tora  in 
two  ]mta,  which,  had  slood  for  some  time  on  the  table  in  the 
room  just  descrilied,  had  their  cotyledons  horizontal.  One  pot 
was  now  exposed  for  2  h.  to  doil  sunshine,  and  the  cotyleiluna 
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remained  horizontal ;  it  was  then  broaght  back  to  the  table,  and 
after  50  m.  the  cotyledons  Imd  rimu  68°  aboTo  the  horizon. 
The  other  pot  was  placed  during  the  eamo  *2  h,  behind  a  screen 
in  the  rocim,  where  the  light  was  Tery  obficurc,  and  the  cotyledons 
roee  63^  alxjvo  the  horizon ;  the  pot  wae  then  replaced  on  tho 
table,  and  after  50  in.  the  cotyledons  had  fiillcn  'i'6°.  Thf^eu  two 
|iot«  with  seedlings  of  the  same  a^e  Btuod  c\o^  together,  and 
wore  exposed  to  exactly  the  same  amount  of  light,  yet  the  coty- 
Iiidonft  in  tho  one  pot  were  rising,  wtiil&t  those  in  the  other 
pot  were  at  the  same  time  sinking.  This  fact  illuBtratcs  in  a 
striking  manner  that  their  movements  are  not  goverued  by  the 
actual  omonut,  but  by  a  change  in  the  intoneity  or  dcgi-ce  of 
the  light.  A  similar  experiment  wa.s  trir*d  with  two  Peta  of  sced- 
lings,  both  exposed  to  a  dnll  light,  but  diift-rent  in  degree,  luid 
the  n^ult  was  the  same.  Tho  movementfl  of  the  cotyledons  of  this 
Cassia  are,  however,  determined  (as  in  many  other  cases)  largely 
by  habit  or  inheritance,  independently  of  light;  for  Reedlings 
which  had  been  moderately  illnminated  during  the  day,  were 
kept  all  night  and  on  tho  following  morning  in  comjilelo  dark- 
ness; yet  the  cotyledons  were  partially  open  in  llio  morning 
and  remained  open  in  tho  dark  for  altout  6h.  The  colyledonR 
in  another  pot,  similarly  treated  on  another  occasion,  were  open 
at  7  A.M.  and  remained  open  in  the  chirk  for  4  h.  3D  m ,  after 
which  time  they  began  to  close.  Yet  these  same  Beedlings,  when 
brought  in  the  middle  of  the  day  from  a  moderately  bright 
into  only  a  moderately  dull  light  raised,  as  we  have  aeon,  thoir 
cotylodons  high  above  the  horizon. 

Sensitivenev  of  CoiyUdons  to  ctmtact. — This  subject  does  not 
possess  much  interest,  as  it  is  not  known  that  senBitivenossof  this 
kind  is  of  any  scrviiKj  to  seedling  plants.  We  have  observed  cases 
in  only  four  genera,  tliongh  we  have  vainly  observed  tho  coty- 
ledons of  many  othera.  Tlio  genus  Cassia  seems  to  bo  pre-cminent 
iu  tliis  respect:  thus,  tho  cotyledons  of  C.  tcra,  when  extended 
horizontally,  were  Itoth  lightly  tappod  with  a  very  thin  twig  for 
8  m.,  antl  in  the  conrso  of  a  few  minutes  they  fonned  together 
nn  angle  of  90°,  bo  that  each  had  rison  45°.  A  single  cotyledon 
of  another  seedling  was  tapped  in  a  like  manner  for  1  to.,  and  it 
rose  27°  in  9  ra. ;  and  after  eight  additional  minutes  it  had  risen 
10°  mora;  tho  opposite  cotyledon,  which  was  not  tapped,  hardly 
Tnoved  at  all.  The  cotyledons  in  all  theso  cases  Itooame  hnri- 
xontal  again  in  loss  than  half  an  hour.  The  pulvinus  is  the  most 
MDBitive  part,  for  on  slightly  jirioking  three  catyledons  with  e, 
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pin  in  this  part,  they  rose  up  Tortically ;  but  the  blade  was  fonud 

also  ti)  be  senKitivo,  cure  having  been  taken  tliat  the  pulvinua 
was  not  touchei.  Drojjs  of  water  placed  quietly  on.  these  coty- 
ledons produced  no  effect,  but  au  extremely  fine  siream  of  water, 
ejected  from  a  syringe,  caused  thera  to  move  upwards.  When 
a  fiot  of  ficedhngs  woa  rapidly  hit  with  a  stick  and  thus  jarred, 
the  cotylcdonB  rose  slif^htly.  Wlion  a  minute  drop  of  iiitric 
acid  was  placed  on  l»oth  pulvini  of  a  seedling,  the  cotyledou» 
rose  BO  quickly  that  they  could  easily  be  seen  to  move,  and 
almost  immediately  aftei-warda  they  l)egan  to  fall;  but  the 
pulvini  had  been  killed  and  became  brown. 

Tiio  cotyledons  of  an  minamed  species  of  Cassia  (a  large  tree 
from  S.  Brazil)  rose  3P  in  the  course  of  2fi  m,  after  tlie  pulviui 
and  the  blftdes  Iiad  both  l*en  rubbed  during  1  m.  with  a  twig; 
but  when  the  blade  atuiie  waR  similarly  rubbed  the  cotyledona 
roEMJ  only  8°.  The  remarkably  lonf^  and  narrow  colyledons,  of  a 
third  unnamed  species  from  S.  Brazil,  did  not  move  when  their 
blades  were  rubbed  on  six  occasions  with  a  pointed  stick  fur 
SO  8.  or  for  1  m. ;  but  when  the  pulvinus  was  rnblied  and  slightly 
pricked  with  a  pin,  the  cotyledons  rose  in  the  course  of  a  few 
minutes  through  an  angle  of  60''.  Several  cotyledons  of 
C\  v&jltrcta  (likewise  from  S.  Brazil)  rose  In  from  6  m.  to  15  m.  to 
various  angles  l)elween  16°  and  34°,  after  being  rubbed  during 
1  m.  with  a  twig.  Their  sensitiveness  is  retained  to  a  somewhat 
advanced  age,  for  the  cotyledons  of  a  little  plant  of  C.  7<eghr.ta^ 
34  days  old  and  loearing  throe  true  leaves,  ra'^e  when  lightly 
piuchofl  l)ctween  the  finger  and  thumb.  Some  seedlings  wore 
exposed  for  30  m.  to  a  wind  (temp.  50^  F.)  sufficiently  strong  to 
keep  the  cotyledons  vibrating,  but  this  to  our  surprise  did  not 
cause  any  movement.  The  cotyledons  of  four  seedlings  of  the 
Indian  ''.  fl?(mco  were  either  rubbed  with  a  thin  twig  for  2ra.  or 
were  lightly  pinched:  one  rose  34°;  a  second  only  6°;  a  third 
]3°;  aud  a  fourth  17°.  A  cotyledon  of  C.  ftoridn  similarly 
treated  rose  9'^ ;  one  of  C.  corymiiosa  rose  71",  and  one  of  the 
very  distinct  V.  mimosolifes  only  6°.  Tbose  of  C.  jjufttsceKS  did 
not  appear  to  be  in  the  least  sensitive;  nor  were  those  of  C, 
iiidvff,  but  these  latter  are  rather  thick  and  fleshy^  and  do  not 
rise  at  night  or  go  to  sleep. 

Smithia  tenKitina.  —This  plant  belongs  to  a  distinct  sub-order  of 
the  Lcgumino.«»  fi-om  Cassia.  Both  cotyledons  of  an  oldish 
seedling,  with  the  first  true  leaf  partially  unfolded,  were  rubbed 
for  1  m.  with  a  fine  twig,  and  in  A  m.  each   rose  32**;  thctj 
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iTviuaiDedin  tliis  position  for  loin.,  but  when  looked  at  agHJn 
40-m.  after  tho  rubbing,  each  had  fallen  H*.  liolli  cotylcdoua  of 
Kuotber  and  youngur  Bticdling  wero  lightly  nibbed  in  the  sumo 
limuner  for  1  ui.,  aud  after  an  interval  of  32  m.  each  hod  risen 
80'^.  They  were  hardly  at  all  sensitive  to  a  fine  jt;t  of  W!it<;r, 
The  cotyledons  of  ^.  I'/utuiii,  an  African  water  plant,  are  tliiclc 
uid  fleshy ;  they  ure  nut  sensitive  and  do  not  go  t<]  sleep. 

Mimosa  pudka  uiid  alhidd. — TUe  blades  of  Hevorul  cotylcdoas 
of  Iwth  these  plants  Trero  rubbed  or  slightly  scratched  with  a 
needle  duriug  1  ni.  or  2  rn. ;  but  they  did  not  move  in  the  least. 
"When,  however,  the  pulvini  of  six  cotyledons  of  M.  pvdica  were 
tlms  scratched,  two  of  thorn  were  slightly  i*Jiiscii,  In  these  two 
saees  jiorhaps  the  pnlvinus  was  accidentally  pricked,  for  on 
pricking  the  pulviniis  of  another  cotyledon  it  roi^e  a  little.  It 
thofi  appears  that  the  cotyledons  of  Mimosa  are  less  sensitive 
tlian  those  of  tho  previously  mentioned  plants.* 

Oxith'a  teusiiivt. — The  blafles  and  pulvini  of  two  cotyledons, 
fitandiug  borixonlally,  were  rublnjil  or  rather  tickled  for  30 h, 
with  a  fine  split  bristle,  and  in  10  la.  each  had  risen  48°; 
when  looked  at  again  in  3ij  m.  after  being  nibl)cd  they  lind 
risen  4"  moi*e ;  after  30  additional  ininntes  they  were  again  bori- 
zuDtal.  On  bitiJiig  a  pot  rapidly  with  a  stick  for  1  in.,  tho  coty- 
ledons of  two  seedlings  were  considunxbly  raised  in  the  course 
of  11  m.  A  pot  was  carried  a  little  distance  on  a  tray  and  thus 
jolted;  and  the  cotyledons  of  fonr  seedlings  wero  all  raised  in 
10  ra. ;  afltr  17  ni.  one  had  risen  06°,  a  second  45°,  a  third  almost 
yO°,  and  a  fourth  1)0°.  After  an  additional  interval  of  40  m.  three 
of  them  had  re-expanded  to  a  considerable  extent.  These  obser- 
vations were  made  before  wo  wore  aware  at  what  an  exttaordi- 
narily  rapid  rate  the  cotyledons  circumnntato,  and  are  therefore 
liftMe  to  error.  Nevertheless  it  isextremcly  improbable  that  tho 
cjtyledons  in  the  eight  cases  given,  should  all  have  Ixien  rising 
at  tho  time  when  tlioy  were  irritated.  Tho  cotyledons  of  OralU 
VaJdtviana  and  rosea  were  nibbed  and  did  not  exliibit  any 
•ensltivcnoiis. 

Finally,  tlicrc  seems  to  exist  some  relation  betwecu 


■  The  gn\c  notice  which  wo 
Invn  met  with  ou  tlio  8t'iisitiv(v 
»<i»Df  cotyluUoiiH,  rnliiies  tn  Mi- 
*»»:  for  An.'.  P.  De  CancIoUo 
•ytfl'hys.  V^.,'  1832,  torn,  it 
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the  habit  of  cotyledons  rising  vertically  at  night  or 
going  to  sleep,  and  their  senaitireneaa,  especially  that 
of  their  pulvini,  to  a  touch ;  for  all  the  aboye-nomed 
plants  sleep  at  night.  On  the  other  hand,  there  are 
many  plants  the  cotyledons  of  which  sleep,  and  are 
not  in  the  least  sensitive.  As  the  cotyledons  of 
seveml  species  of  Cassia  are  easily  aflected  bi^th  by 
slightly  diminished  light  and  by  contact,  we  thought 
that  these  two  kinds  of  sensitiveness  might  be  con- 
nected ;  but  this  is  not  necessarily  the  case,  for  the 
cotyledons  of  Oxalis  sensitiva  did  not  rise  when  kept 
on  one  occasion  for  1^  h.,  and  on  a  second  occasion 
for  nearly  4  h.,  in  a  dark  closet.  Some  other  coty- 
ledons, as  those  of  Githago  seffeium,  are  much  affectea 
by  a  feeble  light,  but  do  not  move  when  scratched  by 
a  needle.  That  with  the  same  plant  there  is  some 
relation  between  the  sensitiveness  of  its  cotyledons 
and  leaves  seems  highly  probable,  for  the  above  de- 
scribed Smithia  and  Oxalis  have  been  called  seirnHvOj 
owing  to  their  leaves  being  sensitive  ;  and  though  the 
leaves  of  the  several  species  of  Cassia  are  not  sensitive 
to  a  touch,  yet  if  a  branch  be  shaken  or  syringed 
with  water,  they  partially  assume  their  nocturnal  de- 
pendent position.  But  the  relation  between  the  sen- 
sitiveness to  contact  of  the  cotyledons  and  of  the 
leaves  of  the  same  plant  is  not  very  close,  as  may  be 
inferred  from  the  cotyledons  of  Mimosa  pudica  being 
only  slightly  sensitive,  whilst  the  leaves  are  well 
known  to  bo  so  in  the  highest  degree.  Again,  the 
leaves  of  Neptunia  oleracea  are  very  sensitive  to  a 
touch,  whilst  the  cotyledons  do  not  appear  to  be  so  in 
any  degree. 


.Oup.  in. 


6£N&IXIY£NEgS  OF  BADI0LE6. 


128 


k 


CHAPTER  ni, 

FetfBiTiTiMBa  or  thb  Apex  of  tub  Radicle  to  Co:sta<jt  avb  to 

OTREB   IbrITANTS. 

Uaaner  In  ^vhlch  ndJoloB  bond  wlion  they  ciicounlcr  nn  obitaolo  in 
tliti  anil — ViL-ift  fal)a,  tips  of  radiclea  highly  Bcneilivc  to  ooiiLact 
nml  oilier  irritAtitfi — Kff.-ria  of  Ion  In'gh  n  tRrtiperatnre — Po«i?r  of 
disorirainattni:  between  olijccte  nttuclied  on  oppodito  siduii — Tii»3  of 
Kcoiidury  rudicIcB  B'-DHttivc— Pl&um,  lijitf  of  nidi'-lus  seusiLive— 
Efiectd  of  Httch  atjimitivoiicea  in  uvi-rcoinitig  gwiiropism— Secondary 
radiclea — Plinaenliia,  tips  jif  raJicK^a  hardly  ijcnsitive  to  cpntacit 
but  highly  seiwitive  to  ponatio  and  to  tho  rorii"VttI  of  u  ulico— Tro- 
pBOlum — Goaaypluin— CucurKtta — Bnphanua— iEaoulua,  lip  not 
Bcnsitive  to  alight  irontiict,  hi<^hly  e«iifiitirfl  to  caiietic— Qutrcua, 
tip  highly  spnsitivti  to  cimtiict — -Power  of  discriminalion — Zesi 
tip  highly  sensitive,  eeoondary  radicles— SonBitirencsB  of  indicles 
to  moist  air — Summary  of  chapter. 

In  order  to  see  how  the  radicles  of  seedlings  would 
pass  over  stones,  roots,  and  other  obstacles,  which  they 
must  incessantly  encounter  in  the  soil,  genniuating 
beans  {Viciafaha)  were  so  placed  that  tlie  tips  of  the 
radicles   came   into  contact,  almost  rectanguhirly  or 
Hi  a  high  angle,  with  underlying  plates  of  glass.     In 
other  coses  the  beans  were  turned  abuut  whilst  their 
radicles  were  growing,  so  that  they  descended  nearly 
Tertically  on  their  own.  smooth,  almost  flat,  broad  upper 
surfaces.     The  delicate  root-cap,  when  it  first  touched 
any  directly  opposing   surface,  wtis  a  little  flattened 
transversely ;  tho  flattening  soon  became  oblique,  av*d 
in  a  few  hours  quite  disappeared,  the  apex  now  point- 
ing at  right  angles,  or  at  nearly  right  angles,  to  its 
fonner  course.    The  radicle  then  seemed  to  glide  in 
its  new  direction  oyer  the  surface  which  had  opposed 
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it>  pressing  on  it  with  very  little  force.  How  far  such 
abrupt  changes  in  its  former  course  arc  aidod  by  the 
cii*cum nutation  of  the  tip  must  be  left  doubtful.  Thin 
Hhp3  of  wood  were  cemented  on  more  or  less  steeply 
inclined  glass-plates,  at  right  angles  to  the  radicles 
which  were  gliding  down  them.  Straight  lines  had 
been  painted  along  the  growing  terminal  part  of  some 
of  these  radicles,  before  they  met  the  opiiosing  slip 
of  wood ;  and  the  linos  bceanie  sensibly  curved  in  2  h. 
after  tho  apex  hud  come  into  contact  with  the  slips. 
In  one  case  of  a  radicle,  which  was  growing  rather 
slowly,  the  root-cap,  after  encountering  a  rough  slip 
of  wood  at  right  anglea,  was  at  first  slightly  flat- 
tened transversely :  after  an  interval  of  2  h.  30  m. 
the  flattening  bocame  obli<p]e ;  and  after  an  addi- 
tional 3  hours  the  flattening  had  wholly  disappeared, 
and  the  apex  now  pointed  at  right  angles  to  its  former 
course.  It  then  continued  to  grow  in  its  new  direc- 
tion alongside  the  slip  of  wood,  until  it  came  to  the 
end  of  it,  round  which  it  bent  rectangularly.  Soon 
afterwards  when  coming  to  the  edge  of  the  plate  of 
ghiss,  it  was  again  bent  at  a  large  angle,  and  de- 
scended perpendicularly  into  the  damp  sand. 

When,  as  in  the  above  cases,  radicles  encountered 
an  obstacle  at  right  angles  to  their  course,  the  terminal 
growing  part  became  curved  for  a  length  of  between 
•3  and  "4  of  an  inch  (S~10  mm.),  measured  fi'om  the 
apex.  This  was  M-ell  shown  by  the  black  lines  whirh 
had  been  previously  painted  on  them.  The  first  and 
most  obvious  explanation  of  the  curvature  is,  that  it 
results  merely  from  the  mechanical  resistance  to  the 
growth  of  the  nulich!  in  its  original  direction.  Never- 
theless, this  explanation  did  not  seem  to  us  satisfactory. 
The  radicles  did  not  present  the  appearance  of  having 
been  subjected  to  a  sufficient  pressure  to  account  fot 
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.tbob  curvature;  and  Sachs  has  shonii*  that  the 
growiug  part  is  moro  rigid  tlion  the  port  immediately 
above  which  has  ceased  to  grow,  so  that  the  latter 
might  have  beeu  expected  to  yiehl  and  become  curved 
as  soon  as  the  apex  encountered  an  unyielding  object ; 
whereas  it  was  the  stiff  growing  part  wliich  became 
curved.  Moreover,  an  object  which  yields  with  the 
greatest  ease  will  deflect  a  radicle :  thus,  as  we  have 
seen,  when  the  apex  of  the  radicle  of  the  bean 
encountered  the  polished  surface  of  extremely  tliin 
tin-foil  iaiil  on  soft  sand,  no  impression  was  left  on  it 
yet  the  radicle  became  deflected  at  right  angles,  A 
second  explanation  occurred  to  us,  namely,  that  even 
the  gentlest  pressure  might  cheek  tho  growth  of  the 
apex,  and  in  this  case  growth  could  continue  only  on 
one  side,  and  thus  the  mdicle  would  assume  a  rectan- 
gular form  ;  but  this  view  leaves  wholly  unexplained 
the  curvature  of  the  upper  part,  extending  for  a  length 
of  8-10  mm. 

We  were  therefore  led  to  susi>ect  that  the  apex 
was  sensitive  to  contact,  and  that  an  efl'eet  was  trans- 
mitted ftom  it  to  the  upper  jmrt  of  the  nwlicle,  which 
was  thus  excited  to  bend  away  from  the  touching  object. 
As  u  little  loop  of  fine  threacl  hung  on  a  tendril  or 
on  the  petiole  of  a  leaf-clinik)iiig  plant,  ciiuses  it  to 
bend,  we  thought  that  any  small  hard  object  affixed 
to  tlie  tip  of  a  radicle,  freely  suspended  and  growing 
in  damp  aii",  might  cjinse  it  to  bend,  if  it  were  sensitive, 
uiid  yet  would  not  offer  any  meeiuinical  resistance  to 
its  growth.  Full  dettiils  will  be  given  of  the  cxpeTi- 
inents  which  were  tried,  as  the  result  ])roved  remark- 
iible.  The  fact  of  the  apex  of  a  railiele  being  sensitivo 
to  contact  has  never  been  observed,  though,  us  we  shall 


•  *  Arboiten  Bot.  Inat.  WUizburg,'  Hefl  iii.  1&73,  p.  UDtt. 
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licreafter  see,  Sachs  discovered  tliat  tbe  radicle  a  little 
above  tbe  apex  is  sensitive,  aud  beuds  like  a  tendril 
towards  the  touching  object.  But  when  one  side  of  the 
apex  is  pressed  by  any  object,  the  growing  part  bends 
auxiif  from  the  object;  and  this  seems  a  beautiful 
adaptation  for  avoiding  obstacles  in  the  soil,  and,  as 
we  shall  see,  for  following  the  lines  of  least  resistance. 
Many  organs,  when  touched,  bend  in  one  fixed  direc- 
tion, such  as  the  stamens  of  Berberis,  the  lobes  of 
Bioncea,  &c. ;  and  many  organs,  such  as  tendrils,  whe- 
ther modified  leaves  or  flower-peduncles,  and  some  few 
stems,  bend  towards  a  touching  object ;  but  no  case, 
we  believe,  is  known  of  an  organ  bending  away  from 
a  louching  object. 

Sensitiveness  of  Vie  Apex  of  Oie  Radicle  of  Vicia  fitha, 
— Common  beans,  after  beiug  soaked  in  wsiter  for  24  h., 
were  pinned  with  the  hiliim  downwards  (in  the  manner 
followed  by  Sachs),  inside  the  cork  lids  of  glass- vessels, 
which  were  half  filled  with  water;  the  sides  and  the 
cork  were  well  moistened,  and  light  was  excluded. 
As  soon  as  the  beans  had  protruded  radicles,  some  to  a 
length  of  less  than  a  tenth  of  an  inch,  and  others  to 
a  length  of  several  tenths,  little  squares  or  oblongs  of 
card  were  affixed  to  the  short  sloping  sides  of  their 
conical  tijis.  The  squares  therefore  adhered  obliquely 
with  reference  to  the  longitudinal  nxia  of  the  radicle; 
and  this  is  a  very  necessary  precaution,  for  if  the  bits 
of  card  accidentally  became  displaced,  or  were  drawn 
by  the  viscid  matter  employed,  su  as  to  mlhere  parulle) 
to  the  side  of  the  radicle,  although  only  a  little  way 
above  the  conical  apex,  the  radicle  did  not  bend  in 
the  peculiar  manner  which  wo  ure  here  considering. 
Squares  of  about  the  ^'gth  of  an  inch  (i.e.  about  1^  mm.), 
or  oblong  bits  of  nearly  the  same  size,  were  found  to 
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be  the  most  convenient  and  effective.  Wo  employed 
ftt  fixst  ordinary  tJiin  caril,  such  as  visiting  cards,  or 
hits  of  very  thin  glass,  and  various  other  objects ;  but 
afterwards  sand-paper  wiis  chiefly  employed,  for  it  wus 
almost  as  stiff  as  thin  card,  and  the  rotigbened  surface 
favoured  its  adhesion.  At  first  we  gt^nerally  used  very 
tJiic'k  gam-water;  and  this  of  course,  under  the  cir- 
Dumstances,  never  dried  in  tho  least ;  on  the  contrary, 
it  sometimes  seemed  to  absorb  vapour,  so  that  tho  bits 
of  caid  became  separated  by  a  layer  of  ihiid  from  the 
tip.  When  there  was  no  such  absorption  and  tho  card 
was  not  displaced,  it  acted  well  and  caused  the  radicle 
to  bend  to  the  opposite  side.  I  should  state  that 
thick  gum-water  by  itself  induces  no  action.  In  most 
cases  the  bita  of  card  were  touched  with  an  extremely 
small  quantity  of  a  solution  of  shellac  in  spirits  of 
wine,  which  had  been  left  to  evaporate  until  it  was 
thick  ;  it  then  set  hard  in  a  few  seconds,  and  fixed  the 
bits  of  card  well.  When  small  drops  of  the  shellac 
were  placed  on  the  tips  without  any  caa'd,  they  set  into 
bard  little  beads,  and  these  acted  like  any  other  hard 
object,  causing  the  radicles  to  bend  to  the  opposite 
side.  Even  extremely  minute  bends  of  the  shellac 
occasionally  acted  in  a  slight  degree,  as  will  hereafter 
be  described.  But  that  it  was  the  cards  which  chiefly 
acted  in  our  many  trials,  was  proved  by  coating  one 
Bide  of  the  tip  with  a  little  bit  of  goldbeaters'  skin 
(which  by  itself  hardly  acta),  and  then  fixing  a  bit  of 
card  to  the  skin  with  shellac  which  never  came  into 
contact  with  the  radicle :  nevertheless  the  radicle  bent 
away  from  the  attached  curd  in  the  ordinary  manner. 

Some  preliminary  trials  were  made,  presently  to 
be  described,  by  which  tho  proper  temperature  was 
'Ictermined,  and  then  the  followuig  experiments  were 
made.     It  should  be  piemised  tbut  tho  beans  were 
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nhvays  fixed  to  the  cork-lids,  for  the  conveuienee  of 
mauipulatiun,  with  the  edge  from  which  the  radicle 
and  phimule  protrudes,  outwards ;  aud  it  must  be 
remembered  that  owing  to  what  we  Lave  called  Sachs' 
curvature,  the  radicles,  instead  of  growing  perpendi- 
cularly downwards,  often  bend  somewhat,  even  as  much 


Fi'iiti  fahn :  A,  raiide  bflgiunin^  to  bbnJ  from  the  attached  little  sqnan 
of  cftVii ;  B,  Lent  at  a  ructniiKle ;  C,  bant  iatu  a  circle  or  loop,  with  th« 
tip  begianlag  to  bcTiii  dowQwrndd  tbruugh  the  netbii  uf  gdotrujilaiD. 

as  about  45°  inwards,  or  under  the  suspended  bean. 
Therefore  when  a  square  of  card  was  fixed  to  the  apex 
in  front,  the  bowing  induced  by  it  coincided  with  Sachs* 
curvature,  and  could  be  distinguished  from  it  only  by 
being  more  strongly  pronounced  or  by  occurring  more 
quickly.     To  avoid  this  source  of  doubt,  the  squares 
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re  fixed  either  behind,  causing  a  curvature  in  dircct 
ipposition  to  that  of  Sachs',  or  more  commonly  to  the 
ight  or  left  sides.  For  the  sake  of  brevity,  we  will 
^ak  of  the  bits  of  card,  &c,  as  fixed  in  front,  or 
Whiud,  or  laterally.  As  the  chief  curvature  of  the 
MiUclu  is  at  a  little  distance  from  the  u]h.*x,  and  a« 
lie  extreme  terminal  and  basal  portions  arc  nearly 
straight,  it  is  possible  to  estimate  in  u  ruugh  manner 
tbt;  ujuouni  of  curvature  by  an  angle ;  and  when  it  is 
said  that  the  radicle  became  dertectod  at  any  angle 
from  the  perpendicular,  this  implies  that  the  apex  was 
turned  upwards  by  so  many  dcgrcoa  from  the  down- 
ward direction  which  it  would  naturally  have  followed, 
,4nd  to  the  side  opposite  to  that  to  which  the  card  was 
affixed.  That  the  reader  may  have  a  clear  idea  of  tho 
kind  of  movement  excited   by  tho  bits  of  attachetl 

ltd,  we  append  here  accumte  sketches  of  three  ger- 
tiinating  beans  thus  treated,  and  solect^<l  out  of 
several  specimens  to  show  the  gradations  in  tho 
degrees  of  curvature.  We  will  now  give  in  detail  a 
aeries  of  experiments,  and  afterwards  a  summary  of 

e  results. 


In  tlie  first  12  trials,  little  sqnaTea  or  oblongR  of  sauiled  cai"d, 
I'Smm.  in  length,  and  l-'>  or  only  0*9  rani,  in  breadth  (i.e.  -071 
d  an  inch  in  luiiglh  and  '059  or  "OSS  of  an  inch  in  breadth)  were 
fixed  with  shellac  to  the  tips  of  the  niflicIeB.  In  tho  snitstqnent 
trials  the  Jittle  sqnarefi  were  only  occasionally  measured,  but 
veto  of  a1x>ut  the  Mime  size. 

(1.)  A  young  radicle,  1  mm.  in  lunglli,  had  a  wird  fixed  1k>- 
hiiid :  after  9  h.  deflected  in  the  plane  in  which  the  U-au  is 
flattened,  50**  from  tho  perpendicular  and  from  tho  card,  and  in 
0]tpositioD  to  Sachs' curratnxo :  no  change  next  morning,  23  h. 
tn»n  the  time  of  attachmeni 
t2.)  Radiolo  55  mm.  in  length,  card  fixed  l>ehind:  nfler  9h. 

deflected  in  the  plane  of  the  bean  20^  from  the  pyrpondicnliir 

uid  from  the  oanl,  and  in  opposition  to  Saclis'  curvaturo:  aft^r 

^h.  no  cliango. 
10 
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(8.)  ftftilicle  11  mm.  in  length,  card  fixed  Iwiiind:  aflcryh. 
defected  iu  tho  plane  of  the  l>e»n  40°  from  tlie  perpeDdicalar 
Aud  from  tho  card,  and  in  opptosition  to  Sachs'  mirvatnrc.  The 
tip  of  the  radicle  more  curved  tlian  the  upper  part,  but  in  the 
Bttine  plana.  After  23  h.  the  citi'cmo  tip  was  slightly  licnt  to- 
wards the  card ;  the  general  cuTTature  of  the  nidicle  rcmaicinp, 
the  Bome. 

(4.)  Badicle  9  mm.  long,  card  futed  behind  and  a  little 
laterally:  after  9h.  deflected  in  the  ploue  of  the  bean  only 
alwut  1"  or  S"  from  tho  perpendicuJar  and  from  the  card,  in 
opposition  to  Sachs*  cnrvature.  There  was  in  addition  n  t^light 
lateral  curvature  dircctt'd  partly  from  the  card.  After  1£3  h.  no 
change. 

C5.)  Radicle  8  mm.  lon^',  cartl  iif&xed  almost  laterally;  after 
9h.  deflected  30°  from  the  jwi-pcndicalar,  in  tho  plane  of  the 
bean  and  in  opposition  to  Satih.s'  curvature ;  also  doBoctod  in  a 
plane  at  right  angles  to  the  altove  one,  20®  from  the  perpen- 
dicular: iiftAjr  23  h.  no  change. 

(G.)  Radicle  9  mm.  long,  card  aflSxed  iu  front:  after  9 h.  de- 
flected in  the  plane  of  the  bean  about  40°  from  the  vertical, 
Hway  from  the  card  and  in  the  dii-ection  of  Sachs'  cui-vatiiro. 
Here  therefore  we  have  no  OTidence  of  thn  card  hcijig  tho 
cause  of  the  deflection,  except  that  a  radicle  never  moves 
spontaneously,  as  far  as  we  have  seen,  as  much  as  40°  in  the 
course  of  9  h.    After  23  L  no  change. 

(7.)  lladicle  7  mm.  long,  card  aflixcd  to  the  liaelc :  after  9  h. 
tho  terminal  part  of  the  radicle  diflcctcd  iu  the  plane  of  the 
bean  20°  from  tho  vertical,  away  from  tho  card  and  iu  op]K)Hitioa 
lo  Sachs'  curvature.  After  22  li.  30  m.  this  part  of  the  radicle 
had  become  straight. 

(8.)  lladicle  12  mm.  long,  card  aflixod  almost  laterally :  after 
9h.  deflected  laterally  in  a  plane  at  right  angles  to  that  of  the 
l>ean  between  40"  and  50*=  fmni  tliu  verticjil  and  from  the  card- 
In  the  plane  of  the  bean  itself  the  deflection  amounted  to  b*  or 
9'  from  the  vertical  and  fr-^m  tlie  card,  in  opposition  to  Sachs' 
curvature.  After  22  h.  30  m.  the  cxtreiuo  tip  had  l>ecomo 
sUgtitly  curved  towards  the  card. 

(9.)  Card  fixed  laterally:  after  11  h.  30m.  no  effect,  the 
radicle  being  still  almost  vertical. 

(10.)  Card  fixed  almost  laterally:  after  lib.  30m.  deflected 
90°  from  tho  vertical  and  from  the  card,  iu  a  piano  inter- 
mediate between  that  of  the   beau  itscU   and  one  at  xigtt 
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■iigle«  to   it.     Radicle    couftequently  partially  defiectod  from 

,chs*  curvature. 

(1.1.)  Til)  of  radicle  protected  with  goldbeaters'  skin,  with  a 

|iiAre  of  card  of  tho  usual  dimensions  affixed  with  shellac : 
«fter  11  h.  (ireatly  deflected  in  the  piano  of  tho  bcnu,  in  the 
direction  of  Sachs'  cwrvature,  but  to  a  mnuh  gn-Ater  degree  lud 
in  lesB  time  than  over  occurs  spontaneously. 

(12.)  Tip  of  radicle  protected  as  in  last  com:  after  11  h.  no 
effect,  but  after  24  h.  40  m.  radicle  clearly  deflortcd  from  tlie 
nird.  This  slow  action  was  probably  due  to  a  portion  of  the 
pjldbeaters'  skin  having  cnrk-d  round  and  lightly  touched  the 
opposite  side  of  tho  tip  and  thus  irritated  it. 

(13.)  A  radicle  of  oons/dcrable  length  had  a  smnll  sqanro  of 

ird  fixed  with  shclloo  to  its  apex  laterally:  after  only  7  h.  15  m. 
a  length  of  '4  of  an  inch  from  the  apex,  measured  along  Iho 
middle,  was  considerably  curved  from  the  side  Iwaring  the  card. 

(14.)  Case  like  tho  last  in  aU  respects,  except  that  a  length  of 
only  -25  of  an  inch  of  the  radicle  was  thus  deflected. 

(15.)  A  Hmall  square  of  card  tixed  with  shellac  tu  the  apex  of 
a  young  radicle;  after  9  h.  15  m.  deflected  tlirongh  !KF  from  the 
perpendicular  aud  from  tlio  card.  After  24  li.  delJcctitm  much 
(let.'rou£Ci],  and  after  ou  additional  day,  i-cducod  to  23°  Sronx  the 
perpcudiculur. 

(IG.)  Square  of  card  fixed  with  shellac  Iwhind  the  npcx  of  a 
radicle,  which  from  its  position  having  i)cen  cliangod  during 
growth  hod  hccomo  very  crooked;  but  t)io  terminal  portion 
was  straight,  anil  this  became  deflected  to  about  45"  from 
tho  perpendicular  oud  from  tho  cord,  iu  opposition  to  Sachs' 
carraturc. 

^17.)  Square  of  card  afl^ed  with  shellflc :  after  8  h.  radicle 
cmred,  at  ri^^ht  angles  from  the  perpendicular  and  from  the 
card-    After  10  additional  hours  curvatui-e  much  d«:reasod. 

(18.)  Square  of  canl  affixed  with  shellac ;  after  8  h.  no  eflbct ; 

;or  23  h.  3  m.  from  time  of  aflixing,  radicle  much  curved  from 
the  square. 

(19.)  Square  of  cord  affixed  with  shellac :  after  24  h.  no  effect, 
Wt  the  radicle  had  not  grown  well  and  seemed  sickly. 

(20.)  Square  of  card  affixed  with  shoUac :  after  2-4  h.  no  effect 

(21,  22.)  Sfiuoros  of  card  atSxed  with  shellac :  after  24  h, 
ndicles  of  Iwth  curved  at  about  45''  from  the  perpendicular  and 
'loiu  the  cards, 
(23.)  Squuro  of  cord  fixed  with  shellac  to  youug  radicle :  aflor 
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91).  Tory  slightly  cnrred  from  the  card;  ofter  24 h.  tip  cmrrod 
towards  card.  Kcfixed  new  square  laterally,  alter  9  h.  distinctly 
curved  from  the  card,  and  after  24  h.  curved  at  nglit  angles  fr^m 
the  i>erpendirular  aud  from  tiie  card. 

(^)  A  rather  large  oblong  piece  of  card  fixed  with  shcllne  to 
apex ;  after  ti4  h.  no  cffuct,  but  the  card  was  found  not  to  be 
toucldng  the  apex.  A  small  Bqiiare  was  now  refixed  with 
sliellac ;  after  16  li.  fcliglit  defleftiuu  from  the  perpendicular 
and  from  tlie  card.  After  an  additional  day  the  radicle  became 
almost  straight. 

(25.)  ajnare  of  cnnl  fixed  laterally  to  apex  of  ynnng  radicle; 
after  9  h.  deflection  from  the  i«rpendicular  considerable;  after 
24h.  deflection  rtduced.  Itofixo-i  a  frchh  square  with  shellac: 
after  '21  h.  deflection  almut  10^  from  the  perpendicular  and  from 
the  card. 

(26.)  A  very  email  »iuarc  of  card  fixed  with  fihellac  to  ajwx  of 
young  radicle  :  after  9h.  the  deflection  from  tlio  perpendicular 
and  from  the  «ivd  iiiuoimtcd  to  nearly  a  right  angle;  after  24  li. 
deflection  much  retlue«l ;  after  an  additional  24  h.  ludicle  almost 
straight. 

(27.)  Square  of  card  fixed  with  shellac  to  apex  of  yonng 
nulicle  :  after  9  h.  dcnectinn  from  the  card  and  from  the  ]K5r|!en- 
dicular  a  right  angle ;  next  morning  qnito  straijiht.  licfixed 
a  square  laterally  with  whelliic;  after  D  h.  a  little  deflectien, 
which  after  24  h.  increased  to  nearly  20'^  from  the  perpendicular 
and  from  the  card. 

(26.)  Square  of  card  tixcd  with  shellac;  after  9  h.  some 
deflection ;  next  morniiig  the  card  dropt>od  oflf ;  refixed  it  with 
shellac;  it  again  becamts  loose  and  was  retixed;  aud  now  on  the 
third  trial  the  radicle  was  deflected  after  14  h.  at  right  angles 
from  the  card. 

(29.)  A  small  square  of  card  was  first  fixed  with  thick  gum- 
water  to  the  apex.  It  produced  a  .slight  elTet't  hut  soon  fell 
off.  A  similar  square  was  now  affixed  laterally  with  shellac; 
after  9  h.  the  radicle  was  dofloctod  nearly  45^  from  the  perpen- 
dicular and  fram  the  card.  After  3G  additional  hours  angle  of 
deflection  reduced  to  about  30°. 

(30.)  A  Tcry  small  piece,  less  than  -^ih  of  an  inch  square,  of 
tUin  tin-foil  fixed  with  shellao  to  the  apex  of  a  young  radicle; 
aft*r  24h.  no  ctTcct.  Tinfoil  removed,  and  a  small  square  of 
banded  card  iixed  with  shellac;  after  9h.  deflection  at  nearly 
right  angles  from  the  perijendicular  and  from  the  card.    Kext 
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amrning  dofloctiou  reduced  to  about  10°  from  iho  i^crpcn- 

*dicalar. 
(31.)  A  splinter  of  thin  class  guraznod  to  niwx,  nftcr  U  h.  no 
cffi-ct,  hut  it  wji*  thon  found  not  to  bo  toucliiag  the  apex  o£  the 
nuticlo.  Next  tnornitig  a  sjuaro  of  card  was  fixed  with  sliclloo 
to  it,  and  after  9  li.  mdiclo  greatly  deflected  from  tlie  card. 
After  two  aiMitioTial  days  the  dcflecliori  }ifwl  decrcosod  and  was 

Iunly  35°  from  the  perpendicular. 
(32)  Small  squaru  of  sanded  card,  attached  ivith  thick  gum- 
water  laterally  to  the  apex  of  a  long  Blmight  radicle:  after  9  h. 
grt'Jttly  <Joflected  from  the  perpendicular  and  from  the  card. 
Curvature  extended  for  a  length  of  22  of  an  inch  from  the 
apex.  After  3  additional  hours  torniiiial  portion  defiucled  at 
right  angles  from  tlie  perpanJtcular.  Ntxt  morning  the  curved 
|K>rtion  was  ■36  iu  length. 
(33.)  Square  of  card  gummed  to  apex :  after  15  h.  dcfloctod  at 
nearly  UO"  from  the  perpendicular  and  from  the  card. 

(34.)  Small  ohlong  of  sanded  card  gummed  to  apex:  after 
15  h.  deflected  90°  from  the  perpendicular  and  fmm  the  card : 
in  the  course  of  the  three  following  days  the  terminal  portion 

h became  much  contorted  and  ultimately  coiled  into  a  helix. 
,    (35.)  Square  of  curd  gummed  to  apex:  afterOh.  deflcctod  from 
card:  after  iI4h.  from   time  of  attaolunent  greatly  deflected 
obliquely  and  partly  in  opposition  to  Saclis'  curvature. 

(36.)  Small  piece  of  caixl,  rather  less  than  -gipth  of  an  inch 
Bquiire,  gununcd  to  apex:  in  9  h.  considerably  deflected  from 

«ar<l  and  in  opposition  to  Sachs'  curvature;  alter  24  h.  greutly 
[eflected  in  the  saoue  direction.  After  an  additional  day  the 
Ktrcme  tip  was  curved  towards  the  card. 
(37.)  Square  of  card,  gnmnied  to  apos  in  fronts  caused  after 
li,  30  ni.  hardly  any  effect;  rcfixod  fresh  square  laterally,  after 
15  h.  deflected  almost  90°  from  the  perpendicular  and  from  the 
^^bo-i'd.  After  2  additional  dtiys  deflection  much  reduced. 
^y  <3b.)  Square  of  card  gummed  to  apex :  after  9  h.  much  doflLC- 
tion,  which  after  '2'1  h.  from  time  of  fixing  increased  to  nearly 
00''.  After  nn  additional  day  terminal  portion  was  ciu-lcd  into 
a  loop,  and  on  the  following  day  into  a  helix. 

(39.)  Small  oblong  piece  of  card  gummed  to  apex,  nearly  in 
front,  but  a  little  to  one  side;  in  9  h.  slightly  deflected  iu  the 
direction  of  Sachs*  curvature,  but  rather  obliquely,  and  to 
Fide  opposite  to  card.  Next  day  more  curved  in  the  eamu 
durectioHj  and  afloi  2  additional  days  ceiled  into  a  ring. 
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(40.)  Square  of  card  gammed  to  apex:  after  9  h.  slightly 
ourved  from  card;  next  morning  radicle  sti-aight,  and  apoi  hud 
grown  beyond  tho  cnrd.  Refixcd  another  square  laterally  with 
Bbellac;  in  9  h.  deflected  laterally,  but  also  in  the  direction  of 
Sachs'  curvature.  After  2  additroual  days'  cmvaturo  consider- 
ably increased  in  the  same  direction. 

(-11.)  Little  square  of  tin-foil  fixed  with  gTim  to  one  side  of 
apex  of  a  young  and  fihort  mdicle:  after  15  h.  no  effect,  but 
tin-foil  had  become  diyplafted.  A  little  square  of  card  was  now 
Kummed  to  one  side  olapex,  which  after  8  h.  40  ui.  was  slightly 
deftocted;  in  24  h.  from  the  time  of  attachment  deflected  at  OO'^ 
from  tho  perpendicular  nnd  from  the  card;  after  9  additional 
hours  became  hooked,  with  the  apex  pointing  to  the  zenith.  In 
3  days  from  the  time  of  attachment  tho  terminal  portion  of  the 
radicle  formed  a  ring  ur  circle. 

(42.)  A  little  &|uarG  of  thick  letter-paper  gummed  to  the 
apex  of  a  radicle,  which  after  D  h.  was  deflocied  from  it^  In 
24  h.  from  time  wJien  tho  (jaj>er  was  aflixed  tho  deflection  mnoh 
increased,  and  after  2  additional  days  it  amounted  to  60°  from 
the  per(tendicular  and  from  the  paper. 

(41:!.)  A  narrow  chip  of  a  quill  wa.*?  fixed  with  shellac  to  the 
apex  of  a  radicle.  After  9  h.  no  effect ;  after  24  h.  moderate 
deflection,  but  now  the  qnill  had  ceased  to  totich  the  apex. 
Removed  quill  and  gummed  a  little  stjuaro  of  card  to  apex, 
which  after  8  h.  caused  slight  defiectiou.  On  the  fourth  day 
from  the  first  attachment  of  any  object,  the  extreme- tip  was 
curved  towanls  the  card. 

(44.)  A  rather  long  and  narrow  splinter  of  extremely  Uiin 
gla.=y?,  fixed  with  shellac  to  apex,  it  caused  in  9  h.  slight 
deflection,  which  disappeared  in  24  h. ;  the  splinter  was  tlien 
found  not  touching  the  apex.  It  was  twico  retixed,  wiih  nearly 
giinUar  results,  tbafc  is,  it  caused  alight  deflection,  which  soon 
disappeared.  On  the  fourth  ilay  from  the  time  of  first  aUoch- 
mcnt  tho  tip  wius  bent  towards  the  splinter. 

From  these  experiments  it  is  clear  that  the  apex  of 
the  radicle  of  the  bean  is  sensitive  to  contnct.  and 
that  it  causes  the  tipper  part  to  bend  away  from  the 
towelling  object.  But  before  giving  a  sumTnary  of  the 
jiesults,  it  will  be  Ciovenient  briefly  to  give  a  few  other 
observations.     Bits  of  very  thin  glass  and  little  sqimnw 
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of  eoramou  card  were  affixed  with  thick  gum-water  to 
tlie  tips  of  the  radicles  of  seven  beans,  as  a  pre- 
liminary trial.  Six  of  these  were  plainly  acted  on, 
and  in  two  cases  the  radicles  became  coiled  up  into 
oomplete  loops.  One  radicle  was  curved  into  a  semi- 
circle in  so  short  a  period  as  6  h.  10  m.  Tlio 
seventh  ratlicle  which  was  not  affected  was  appareiitly 
sickly,  as  it  became  brown  on  the  following  day;  so 
that  it  formed  no  real  exception.  Some  of  these  trials 
were  made  in  the  early  spring  during  culd  weather  in 
a  sitting-room,  and  others  in  a  greenhouse,  but  the 
temperature  was  not  recorded.  These  six  striking 
cases  almost  convinced  us  that  the  apex  was  seusitivt?, 

B    but  of  course  we  determined  to  make  many  more  triahi. 

"^  As  we  had  noticed  that  the  radicles  grew  much  more 
qaicldy  when  subjected  to  considerable  heat,  and  as 

I  we  imagined  that  heat  woukl  increase  their  sensitive- 
ness, vessels  with  germinating  beaua  suspended  in 
damp  air  were  placed  on  a  chimney-piece,  where  they 
were  subjected  during  the  greater  part  oi'  tiio  day  to  a 
temperature  of  between  69"*  and  72^  F. ;  some,  how- 
ever, were  placed  in  the  hot-bouso  where  the  tempera- 
ture was  rather  higher.  Above  two  dozen  beans  were 
thus  tried;  and  when  a  square  of  glass  or  card  did 
not  act,  it  was  removed,  and  a  fresh  ono  afifixed,  this 
being  often  done  thrice  to  the  same  radicle.  There- 
fore between  five  and  six  dozen  trials  were  altogetlier 
^bxnade.  But  there  was  moderately  disunct  deflection 
^^fram  the  perpendicuhir  ami  from  the  attached  object 
ill  only  one  radicle  out  of  this  large  number  of  cases. 

■  In  live  other  cases  there  was  very  sliglit  ami  doubtful 
deflection.  Wo  were  astonished  at  this  result,  and 
concluded  that  we  had  made  some  inoxplieitble  mis- 
take in  the  fii"st  six  experiments.  But  before  fiiuiUy 
relinquishing   the  subject,  we  resolved  to  make  one 
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Other  tridlf  for  it  occurred  to  us  that  sensitiveness  is 
easily  affected  by  external  oouditions,  and  that  radicles 
growing  natuiully  in  the  eartli  in  the  early  sprinp; 
would  not  be  subjected  to  a  temperature  nearly  so 
high  as  70°  F.  We  therefore  allowed  the  radicles 
of  12  beans  to  grow  at  ft  tempeniture  of  between 
55**  and  60*'  h\  The  result  was  that  in  every  one  of 
these  cases  (included  in  the  above-described  experi- 
ments) the  radicle  was  deflected  in  the  course  of  a  few 
hours  from  the  attached  object.  All  the  above  I'e- 
corded  successful  trials,  and  some  others  presently  to 
be  given,  were  made  in  a  sitting-room  at  the  tempera- 
tures just  specified.  It  therefore  appears  that  a  tem- 
perature of  about,  or  rather  above,  70*^  F.  destroys 
the  sensitiveness  of  the  radicles,  either  directly,  or 
indirectly  through  abnorranlly  accelerated  growth  ; 
and  tliis  curious  fact  probably  explains  why  Sachs, 
who  expressly  states  that  his  beans  were  kept  at  a 
higli  temperature,  failed  to  detect  the  sensitiveness  of 
the  apex  of  the  radicle. 

But  other  causes  interfere  with  this  sensibility. 
Eighteen  radicles  were  tried  with  little  squares  of 
sanded  card,  some  affixed  with  shellac  and  some  with 
giim-water,  during  the  few  last  days  of  1878,  and  few 
first  days  of  the  next  year.  They  were  kept  in  a  room 
at  the  proper  temperature  during  the  day,  but  were 
probably  too  cohl  at  night,  as  there  was  a  hard  frost  at 
tile  time.  The  radicles  looked  healthy  but  grew  very 
slowly.  The  result  was  that  only  G  out  of  tho  18 
were  deflected  from  the  attached  cards,  and  this  only 
to  a  sliglit  degree  and  at  a  very  slow  rate.  These 
radicles  therefore  presented  a  strildng  contrast  with 
the  44  above  described.  Ou  March  Gth  and  7th,  when 
the  temperature  of  the  room  varied  between  53°  and 
SO"*  F.,  eleven   germinating   beans  were  tried  in   the 
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Bujiic  maimer,  and  now  every  one  of  the  radiclea 
became  curved  away  from  the  cards,  thougli  one  was 
oiily  slightly  deflected.  Some  horticulluriats  iK^lieve 
that  cerlaiu  kiuda  of  seeds  will  not  germinate  pro- 
perly in  thf?  middle  of  the  winter,  althoiigli  l;ept  at  a 
right  tempiTuture.  If  there  really  is  any  proper  j>erio<l 
ior  the  germination  of  the  beau,  the  feeble  degree  of 
Ecnsibility  of  the  above  radicles  may  have  resulted 
fr<im  the  trial  having  been  made  in  the  middle  of  the 
winter,  and  not  simply  from  the  nights  being  too  cold. 
Lastly,  the  radicles  of  four  beans,  which  from  somo 
innate  cause  germinated  later  tlian  all  the  others  of 
the  same  lot,  and  whieli  grew  slowly  though  appearing 
healthy,  were  similarly  tried,  and  even  al'ter  24  h.  they 
were  hardly  at  all  deflected  fi-om  the  attached  cards 
^Ve  may  therefore  infer  that  any  cause  which  renders 
the  growth  of  the  radicles  either  slower  or  more  rapid 
than  the  normal  rate,  lessens  or  annuls  the  sensibility 
of  their  tips  to  contact.  It  deserves  particular  atten- 
tion that  when  the  attaclied  objects  failed  to  act,  there 
was  no  bending  of  any  kind,  excepting  ^achs'  curva- 
ture, The  force  of  our  evidence  would  have  been 
greatly  weakened  if  occasionally,  though  rarely,  the 
radicles  had  become  curved  in  any  direction  inde- 
pendently of  the  attaclied  objects.  In  the  foregoing 
•  numbered  paragraphs,  however,  it  may  bo  observed 
that  the  extreme  tip  sometimes  becomes,  after  a  con- 
siderable interval  of  time,  abruptly  curved  towards  tlut 
bit  of  card ;  but  this  is  a  totally  distinct  phenomenon, 

^na  will  presently  be  explained. 

B     Summary  of  the  Results  of  the  foregoing  Ej^pen'menfd 
on  tlie  Badicles  ofViciafaha. — Altogether  little  squares 

» (about  ^th  of  an  inch),  generally  of  sanded  paper 
AS  stilT  as  thin  card  (between  *ld  and  *20  mm.  in 
thickness),  sometimes  of  ordinary  card,  or  little  frag- 
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ments  of  very  thin  glass,  &c.,  were  affixed  at  different 
times  to  one  side  of  the  conical  tips  of  55  radicles. 
The  11  last-mentioned  cases,  but  not  the  preliiuinary 
ones,  are  here  included.  The  squares,  &c.,  were  most 
commonly  affixed  with  shellac,  but  in  19  cases  M'ith 
thick  gum-water.  Wlien  the  latter  was  used,  tho 
squares  were  sometimes  found,  as  previously  stated, 
to  be  separated  from  the  apex  by  a  layer  of  thick 
fluid,  so  that  there  was  no  contact,  and  conse- 
quently no  bending  of  the  radicle;  and  such  few 
cases  were  not  recorded.  But  in  every  instance  in 
which  shellac  was  employed,  tmless  the  square  fell 
off  very  soon,  the  result  was  recorded.  In  several 
instances  when  the  squares  became  displaced,  so  as 
to  stand  parallel  to  the  radicle,  or  were  separated  by 
tlutd  from  the  apex,  or  soon  fell  off,  fresh  squares 
were  attached,  and  these  cases  (described  under  tho 
numbered  paragraphs)  are  hero  included.  Out  of 
55  radicles  experimented  on  under  the  proper  tempe- 
rature, 52  became  bent,  generally  to  a  consideruble 
extcut  from  the  perpendicular,  and  away  from  the 
side  to  which  the  object  was  attached.  Of  the  tlinso 
failures,  one  can  bo  accounted  for,  as  the  radicle 
became  sickly  on  the  following  day;  and  a  second 
was  observed  only  during  11  h.  30  m.  As  in  several 
cases  the  terminal  growing  part  of  the  radicle  continued 
for  some  time  to  bond  from  the  attached  object,  it 
formed  itself  into  a  hook,  with  the  apex  pointing  to 
tho  zenith,  or  even  into  a  ring,  and  ocxMisionally  into  a 
Bpire  or  helix.  It  is  remarkable  that  these  latter  coses 
occurred  more  frequently  when  objects  were  attached 
with  thick  gTim-watet,  which  never  became  dry,  than 
wlion  shuUac  was  emplojed.  The  curvature  was  often 
well-marked  in  from  7  h.  to  11  h. ;  and  in  one  instance 
ti  semicircle  was  formed  in  G  h.  10  m.  from  tho  time 


of  attochiucnt.  But  in  order  to  seo  the  phenomenon 
as  well  displayed  as  in  the  above  described  cases,  it  in 
indispensable  that   the  bits   of  card,  &c.,  should  be 

Imade  to  atlhere  closely  to   one  side  of  the  conical 
apex;  that  healthy  radicles  should  be  selected  arid 
kept  at  not  too  high  or  too  low  a  temperature,  and 
apparently  that  the  trials  should  not  be  made  in  the 
middle  of  tlie  winter. 
H      lu  ten  instances,  radicles  which   had   curved  away 
■  from  a  squai-e  of  card  or  other  object  attjiched  to  their 
^ttips,  straightened  themselves  to  a  certain  extent,  or 
even  completely,  in  the  course  of  fnun  one  to  two  days 
from  the  time  of  attachment.     This  was  more  espe- 
Hicially  apt  to   occur   when  the   curvature  was   slight. 
But  in  one  instance  (No.  27)  a  radiolo  which  in  9  h. 
had  been  deflected  about  90^  from  the  perpendicular, 
became  quite  straight  in  24  h.  from  the  period  of 
attachment      With   No.  26,  the  raditde  was   almost 
straight  in  48  h.     We  at  first  attributed  the  straighten- 

Iing  process  to  the  radicles  becoming  accustomed  to  a 
alight  stimulus,  in  the  same  manner  as  a  tendril  or 
sensitive  petiole  becomes  aceustomed  to  a  very  light 
loop  of  thread,  and  unbends  itself  though  the  loop 
remains  still  suspended;  but  Sachs  states  •  that  radicles 
of  the  bean  placed  horizontally  in  damp  air  after 
curving  downwards  through  geotropiam,  straighten 
themselves  a  little  by  growth  along  their  lower  or 
concave  sides.  Why  this  should  occur  is  not  clear; 
but  perhaps  it  likewise  occurred  in  the  above  ten 
cases.  There  is  another  occasional  movement  which 
must  not  be  passed  over:  the  tip  of  the  radicle,  for  a 
length  of  from  2  to  3  mm.,  was  found  in  six  instances, 
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after  an  interval  of  about  24  or  more  hours,  bant 
towarda  tbe  bit  of  still  attached  carJ, — that  is,  in  a 
(liroctioii  exactly  opposite  to  the  previously  induced 
ciu'vaturo  of  the  whole  growing  ptirt  for  a  length  of 
from  7  to  8  mm.  This  occurred  chiefly  when  tlie  first 
curvature  was  small,  and  when  an  object  had  been 
atlixed  more  than  ouco  to  tho  apox  of  the  sajue  radicle. 
The  attachment  of  a  bit  of  card  by  shellac  to  one 
side  ol  the  tender  apox  may  sometimes  mechanically 
prevent  its  gfowth;  or  the  application  of  thick  gum- 
water  more  than  once  to  the  aiime  side  may  injure  it; 
and  then  checked  growth  on  this  side  witli  continued 
growth  on  the  opposite  and  unaffected  side  would 
accoimt  for  tho  reversed  curvature  of  tho  apex. 

Various  trials  w^ere  made  for  ascertaining,  as  far 
as  we  could,  tiie  nature  and  degree  of  irritation  to 
which  the  apex  must  be  subjected,  in  order  that  the 
terminal  growing  part  should  bend  away,  as  if  to 
avoid  tbe  cause  of  irrifation.  Wo  have  seen  in  the 
numbered  experiments,  that  a  little  s\|uaro  of  rather 
thick  letter-paper  gummed  to  the  apex  induced, 
though  slowly,  considerable  deflection.  Judging  from 
several  cases  in  which  variiuis  objects  had  been  affixed 
with  gum,  and  had  soon  become  scpamted  from  the 
apex  by  a  layer  of  fluid,  as  well  as  from  »ome  trials 
in  which  drops  of  thick  gum-water  alono  had  been 
applied,  this  Iluid  never  causes  bending.  Wo  have 
also  seen  in  the  numbered  experiments  that  narrow 
B[diuter3  of  quill  and  of  very  thin  glass,  affixed  with 
shoUac,  caused  only  a  slight  degree  of  deflection,  and 
this  may  perhaps  have  been  due  to  the  shellac 
itself.  Little  squares  uf  goldbeaters'  skin,  which  is 
excessively  thin,  were  damped,  and  thus  made  to 
adhere  to  one  side  of  tho  tips  of  two  radicles ;  one  of 
these,  uftcr  24  h.,  produced  no  effect ;  nor  did  the 
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other  in  8  h.,  within  which  time  squares  of  can!  nsnolly 
act;  bnt  after  24  h.  there  was  slight  tleflection. 

An  oral  bead,  or  mtber  cuke,  of  dried  shellac, 
1*01  mm.  in  length  and  0*63  in  breadth,  caused  a 
radicle  to  become  deflected  at  nearly  right  angles  in 
The  conrse  of  only  6  h. ;  but  after  23  h.  it  bad  nearly 
straightened  itself.  A  very  small  quantity  of  dissolved. 
sbcUac  was  spread  over  a  bit  of  card,  and  the  tips  of 
9  radicles  were  touched  laterally  with  it ;  only  two  of 
them  became  slightly  deflected  to  the  aide  o]>]M)site 
to  that  bearing  the  speck  of  dried  shellac,  and  they 
afterwards  straightened  theniselvos.  These  si«*cks 
were  removed,  aud  both  together  weighed  less  than 
^^th  of  a  grain ;  so  that  a  weight  of  rather  loss 
than  sj^th  of  a  grain  (0*32  mgs.)  sufliccd  to  cxcito 
movement  in  two  out  of  the  nine  radicles.  Hero 
then  we  have  api)arcntly  reached  nearly  the  minimum 
weight  which  will  act. 

A  moderately  thick  bristle  (which  on  measurement 
was  found  rather  flattened,  being  0  33  mm,  in  ono 
diameter,  and  0  20  mm.  in  the  other)  was  cut  into 
lengths  of  about  ^{h  of  an  inch.  Those  after  being 
tonched  with  thick  gum-water,  wore  placed  on  the  tip 
of  eleven  radicles.  Three  of  them  wore  affected ;  one 
being  deflected  in  8  h.  15  m.  to  an  angle  of  about  90" 
from  the  peqjendicular :  a  second  to  the  same  anumnt 
when  looked  at  after  9  h. ;  but  after  24  b.  from  the 
time  of  first  attaciiment  the  deflection  had  decreased 
to  only  19^;  the  third  wiis  only  slightly  deflected 
after  9  h.,  and  the  bit  of  bristle  was  thon  iVfund  not 
touching  the  apex ;  it  was  replaced,  and  after  15 
additional  hours  the  deflection  amounted  to  2(P  from 
the  perpendicular.  The  remaining  eight  radicles 
were  not  at  all  acted  on  by  the  bits  of  bristle,  so  that 
we  here  appear  to  have  nearly  reached  the  minimum 
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of  size  of  an  object  which  will  act  on  the  radicle  of 
tha  bean.  But  it  is  remarkable  that  when  the  bits  of 
bristle  did  act,  that  they  should  have  acted  so  quickly 
aud  efficiently. 

Ab  the  apex  of  a  radicle  in  penetrating  the  ground 
must  he  pressed  on  all  sides,  we  wished  to  learn 
whetlier  it  could  distinguish  between  harder  or  more 
resisting,  and  softer  substances.  A  square  of  the  sanded 
paper,  almost  as  stiff  as  card,  and  a  square  of  extremely 
thin  paper  (too  thin  for  writing  on),  of  exactly  the 
same  size  (about  g^th  of  an  inch),  were  fixed  with 
sbellac  on  opposite  sides  of  the  apices  of  12  suspended 
radicles.  The  sanded  card  was  between  0'15  and 
0-20  mm.  (or  between  0-0059  aud  0-007D  of  an  inch), 
and  the  thin  paper  only  U'045  mm.  (or  O'OOITG  of  an 
inch)  in  thickness.  In  8  out  of  the  12  cases  there 
could  he  no  duubt  that  the  radicle  was  deflected  from 
the  side  to  wliich  the  card-like  paper  was  attached,  and 
towards  the  opjjosite  side,  bearing  the  very  thin  paper. 
This  occurred  in  some  instances  in  9  h.,  but  in  others 
not  until  24  h.  had  elapsed.  lyioreover,  some  of  the 
four  failures  can  hardly  be  considered  as  really  failures ; 
thus,  in  one  of  them,  iu  which  the  radicle  remained 
quite  straight,  the  square  of  thin  paper  was  found, 
when  both  were  removed  from  the  apes,  to  have  been 
so  thickly  coated  with  shellac  that  it  was  almost  as 
stiff  as  tho  card :  in  the  second  case,  the  radicle  was 
bent  upwards  into  a  semicircle,  but  the  deflection 
was  not  directly  from  the  side  bearing  tho  card,  and 
this  wus  explained  by  the  two  squares  having  become 
cemented  laterally  together,  forminj^  a  sort  of  stiff 
gable,  from  which  the  radicle  was  deflected :  in  the 
third  case,  the  square  of  card  had  l>een  fixed  by 
mistake  in  front,  and  though  there  was  deflection 
from  it,  this  might  have  been  due  to  Sachs'  curvatnrq . 
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in  the  fourth  case  alone  no  rea.son  coiilii,  be  aasij^ned 
why  the  radicle  had  not  been  at  all  defected.  These 
experimcuts  suffice  to  prove  that  the  apex  of  the 
radicle  possesses  the  extraordinary  power  of  disori- 
minating  bntwecn  thin  card  and  very  thin  paper,  and 
is  deflected  from  the  side  pressed  by  the  more  re- 
sisting or  harder  siibsUinee. 

Sume  trials  were  nejtt  made  by  irritating  the  tips 
without  any  object  l>eing  left  in  contact  with  thora. 
Nine  radicles,  susixinded  over  water,  had  their  tips 
rubbeii,  each  six  times  with  a  uoedlc,  with  sufficient 
force  to  shake  the  whole  bean  ;  the  t(;mporature  was 
favourable,  viz.  about  03^  F.  In  7  out  of  these  cases 
no  effect  whatever  was  produced ;  in  the  eij^hth  case 
tho  radicle  became  slightly  deflected  from,  and  in  the 
ninth  case  slightly  dellected  towanls,  the  nibbed  side: 
but  these  two  luttor  opposed  curvatun*s  wnro  probalily 
accidental,  as  rtulicles  do  not  always  grow  perfectly 
straight  downwards.  The  tips  of  two  other  radich'S 
were  rubbed  in  the  same  inanuer  for  15, seconds  witli 
a  little  round  twig,  two  others  tor  '30  seconds,  and  two 
others  for  1  minute,  but  without  any  effect  being  pro- 
duced. Wfi  may  thorefure  e(jn(lude  from  these  15 
trials  that  the  radicles  are  not  sensitive  to  temporary 
contact,  bat  are  acted  on  only  by  prolonged,  though 
very  slight,  pressure. 

We  then  tried  the  effects  of  cutting  off  a  very  thin 
slice  parallel  to  one  of  the  sloping  sides  of  the  apex, 
03  vve  thought  that  the  wound  would  cause  prolonged 
irritatioa,  which  might  induce  bending  towards  tho 
i)pposito  side,  as  in  the  ciise  of  an  attached  object. 
Two  preliminary  trials  were  made :  firstly,  slices  were 
cut  from  the  radicles  of  6  beans  suspended  in  diimp 
uir,  with  a  pair  of  scissors,  which,  though  sharp, 
probably  caused  conaidcrable  crushing,  and  no  eorva. 
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lure  followed.  Secondly,  tliin  slices  were  cnt  with  a 
razor  obliquely  off  the  tips  of  three  radicles  similarly 
suspended  ;  and  after  44  h.  two  were  found  plainly 
bent  from  the  sliced  snrfare  ;  and  the  thin!,  the  whole 
apex  of  wliich  had  been  cnt  off  obliquely  by  accident, 
was  curled  upwards  over  the  bean,  but  it  was  not 
clearly  ascertained  whether  the  curvature  ha<l  been  at 
first  directed  from  the  cnt  surface.  These  results  led 
us  to  pursue  the  experimout,  and  18  radicles,  which 
had  grown  verticiilly  downwards  in  damp  air,  had  one 
side  of  their  conical  tips  sliced  off  with  a  razor.  The 
tips  were  allowed  jnst  to  enter  the  water  in  the  jars, 
and  they  were  cixpoaed  to  a  temperature  H''— IG"  C 
(57^-61^  F.).  The  observations  were  made  at  dif- 
ferent times.  Three  were  examined  12  h.  after  beinn^ 
sliced,  and  were  all  slightly  curved  from  the  cut 
surface;  and  the  curvature  increaso<l  considerably  after 
an  additional  12  h.  Eight  were  examined  after  19  h. ; 
four  after  22  h.  30  m. ;  and  three  after  25  h.  The 
final  result  \yivs  that  out  of  the  18  radicles  thus  tried, 
13  were  plainly  bent  from  the  cut  surface  after  the 
above  intervals  of  time;  and  one  other  became  so 
after  an  additional  interval  of  13  h.  30  m.  So  that 
only  4  ont  of  the  18  radicles  were  not  acted  on.  To 
these  18  cases  the  3  previously  mentioned  ones  should 
he  added.  It  may,  therefoi'e,  be  concluded  that  a  thin 
slice  removed  by  a  razor  from  one  side  of  the  eonical 
apex  of  the  radiele  causes  irritation,  like  that  from  an 
attached  object^  and  induces  ciirvatiiro  from  the  injurcxl 
surf  lice. 

Lastly,  dry  caustic  (nitrate  of  silver)  was  employed 
lo  irritate  one  side  of  the  apex.  If  one  side  of  the 
apex  or  of  the  whole  terminal  {rrowing;  part  of  a 
radicle,  is  by  any  means  killed  or  badly  injured,  the 
other  side  continues  to  grow ;  and  this  causes  the  pati 
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to  bend  over  towards  the  injured  side.*  But  i  the 
following  eiperiineuts  we  endeavoured,  generally  with 
success,  to  irritate  the  tips  on  one  side,  without  ladly 
injuring  them.  This  was  effected  by  first  drying  the 
tip  as  far  as  possible  with  blotting-paper,  though  it  slill 
remained  somewhat  damp,  and  then  touching  it  once 
with  quite  dry  caustic.  Sevonteou  radicles  were  thus 
treated,  and  were  suspended  in  moist  air  over  water  at 
a  temperiiture  of  58 '  F.  They  were  examined  after 
an  interval  of  21  h.  or  24  h.  The  tips  of  two  were 
found  blackened  equally  all  round,  so  that  they  could 
tell  nothing  and  were  rejected,  15  being  left.  Of 
these,  10  were  curved  from  the  side  which  had  ]>een 
touched,  where  there  was  a  muiute  brown  or  blackish 
mark.  Five  of  these  nidiclea,  three  of  wkich  were 
already  slightly  deflected,  were  allowed  to  enter  the 
water  in  the  jar,  and  were  re-examined  after  an  a«idi- 
tional  interval  of  27  h.  (i.e.  in  48  h.  after  the  appli- 
cation of  the  caustic),  and  now  four  of  them  hud 
become  hooked,  being  bent  from  the  discoloured  si<le 
with  their  points  directed  to  the  zenith ;  the  fifth 
remained  unaffected  and  straight.  Thus  11  radicles 
out  of  the  15  were  actecl  on.  Ijnt  the  curvature  of 
the  four  just  described  was  so  plain,  that  they  alone 
would  have  suflficed  to  show  that  tlic  radicles  of  the 
bean  bend  away  from  that  side  of  the  apex  which  has 
been  slightly  irritated  by  caustic. 

The  power  of  an  Irritant  on  the  apex  of  tlie  Badicie 


*  OiBiaoltiki  fnuiid  Ihia  tobe  tlia 
Ciist*  (*  UnliTBucliimp'n  u'ler  Jio 
Abwnrtfikriimmiing  fl(*r  Wurzfl.* 
1871,  p.  2Hj  fiftcr  buniinjf  witli 
lieatod  platinara  ono  nlo  of  a 
ndiule.  So  tiid  wo  whtui  wo 
|nilnUKl  loii^itudiuiilly  hiiirofibu 
a-hiile  kngtb  of  7  r<ubck's,  dum- 
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tn Wards  tt.e  grcfL^od  Bide,  two 
n.-tuainiiig  utmight. 
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of  the  Bean,  comfared  with  thai  of  Geotropism. — Wo 
know  that  when  a  little  square  of  card  or  other 
object  is  fixod  to  one  side  of  the  tip  of  a  vertically 
dependont  radicle,  the  growing  part  bends  from  it 
often  into  a  semicircle,  in  opposition  to  geotropisiu, 
which  force  is  conrjuered  by  the  effect  of  the  irri- 
tation from  the  attat^hod  ohject.  Kadtcles  were  there- 
fore extended  horizontally  in  damp  air,  kept  at 
the  proper  low  tomperatnro  for  fall  sensitiveness, 
and  squares  of  card  were  afKxed  with  shellac  on  the 
loiver  sides  of  their  lips,  so  that  if  the  squares 
acted,  the  terminal  growing  part  would  curve  npwards. 
Firstly,  eight  beans  were  so  placed  that  their  short, 
young,  horizontally  extended  radicles  would  be  simul- 
taneously acted  on  both  by  geotropism  and  by  Sachs' 
curvature,  if  the  latter  came  into  play;  and  they  all 
eight  became  bowed  downwards  to  the  centre  of  the 
earth  in  20  h.,  excepting  one  which  was  only  slightly 
noted  on.  Two  of  them  were  a  little  bowed  downwards 
in  only  5  h. !  Therefore  the  cards,  affixed  to  the  lower 
sides  of  their  tips,  seemed  to  produce  no  effect;  and 
geotropism  easily  conquered  the  effecta  of  the  irritation 
thus  caused.  Secondly,  5  oldish  radicles,  \\  inch  in 
length,  and  therefore  less  sensitive  than  the  above- 
mentioned  young  ones,  were  similarly  placed  and 
sinulflrly  treated.  From  what  has  been  seen  on  many 
other  occiisions,  it  may  be  safely  inferred  that  if  tbey 
had  been  suspended  vertically  they  would  have  bent 
away  from  tko  cards;  and  if  they  had  been  oxteudod 
liorizontally,  without  cards  attached  to  theiu,  they 
would  have  quickly  hent  vertically  downwards  throngh 
geotropism ;  but  tlie  result  wtis  tliat  two  of  these 
radicles  were  still  horizontal  after  23  h. ;  two  were 
curved  only  slightly,  and  the  fifth  as  much  as  40° 
bKuealh  the  horizon.     Tliirdly,  5  beans  were  ftistcnod 
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with  their  flat  sarfncps  pnrallol  to  the  cork-lid,  so  that 
•Saclis*  curvature  would  not  tend  to  niako  the  hori- 
zontally  extended  radicles  turn  either  upwards  or 
downwards,  and  little  squares  of  canl  were  affixed  as 
before,  to  the  JowtT  sides  of  their  tips.  The  result 
was  that  all  five  railicles  were  bent  down,  or  towards 
the  centre  of  the  earth,  after  only  8  h.  20  m.  At 
the  same  time  and  within  the  same  jars,  3  radicles  of 
the  some  age,  with  squaies  afllxed  to  one  side,  were 
suspended  vertically ;  and  after  8  h.  20  m.  they  were 
considerably  deflected  from  the  cards,  and  therefore 
curved  upwards  in  opposition  to  gcotropism.  In  these 
latter  cases  the  irritation  from  the  squares  hud  over- 
powered geotropism  ;  whilst  iu  the  former  cases,  in 
which  the  radicles  were  extended  horizontally,  gei*- 
tropism  had  overpowered  the  irritation  Tlius  within 
the  same  jars,  some  of  the  radicles  were  cnrving 
upwards  and  others  downwards  at  the  same  time — 
these  opposite  movements  depending  on  whether  thi» 
radicles,  when  the  squares  were  first  attached  to  tliem, 
projected  vertically  down,  or  were  extended  horizon- 
tally. This  difference  in  their  behaviour  seems  at  first 
inexplicable,  but  can,  we  believe,  be  simply  explained 
by  the  difference  between  the  initial  power  of  the  two 
inrees  under  the  above  circumstances,  cximbined  with 
the  well-known  principle  of  the  after-effects  of  ft  sti- 
mulus. When  a  young  luid  sensitive  radicle  is  extended 
hurizontally.  with  a  square  attached  to  the  lower  side 
of  the  tip,  geotropism  arts  on  it  at  right  angles,  and, 
as  we  have  seen,  is  then  evidently  more  efficient  than 
the  irritation  from  the  square  ;  and  the  power  of  geo- 
tropism will  be  strengthened  at  each  successive  period 
by  its  jirevious  action — tlmt  is,  by  its  after-effects. 
On  the  other  hand,  wlien  a  square  is  affixed  to  a 
vertically  depender  t  radicle,  and  the  ftj)ex  begins  to 
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curve  upwards,  this  moveiueiit  will  be  opposed  by  geo- 
tropiam.  acting  only  at  a  very  oblique  angle,  and  the 
irritation  from  the  card  will  bo  strengthened  by  il3 
previous  action.  We  may  therefore  conclude  that  the 
initial  power  of  an  irritant  on  the  apex  of  the  ladicle 
of  the  bean,  is  loss  than  that  of  geotropism  wUca 
acting  at  right  angles,  but  greater  than  that  of  geo- 
tropism  when  acting  obliquely  on  it. 

Sensitiveness  of  the  tips  nf  fJie  Secondary  Radicles  oftJie 
Sean  to  con/act — All  the  previous  observations  relate 
to  the  main  or  primary  radicle.  Some  beans  suspended 
to  cork-lids,  with  their  radicles  dipping  into  water,  had 
developed  secondary  or  lateral  radicles,  which  were 
afterwards  kept  in  very  damp  air,  at  the  proper  low 
temperature  for  full  sensitiveness.  They  projected, 
as  usual,  almost  horizontally,  with  only  a  slight 
downward  curvature,  and  retained  this  position 
during  several  days.  Sachs  has  shnwn*  that  these 
seconilary  roots  are  acted  on  in  a  peculiar  manner  by 
geotropism,  so  that  if  displaced  they  reassume  their 
former  sub-horizontal  position,  and  do  not  bead  verti- 
cally downwards  like  the  primary  radicle.  Jfinuto 
squares  of  tho  stiff  sanded  paper  were  affixed  by 
means  of  shellac  (but  in  some  instances  with  thick 
gnm-water)  to  the  tips  of  39  secondary  radicles  of 
different  ages,  generally  tho  upjKsrmost  ones.  Most 
of  the  squares  were  fixed  to  the  lower  sides  of  the  apex, 
BO  that  if  they  acted  the  radicle  would  bend  upwards ; 
but  some  were  fixed  laterally,  and  a  few  on  the  npper 
side.  Owing  to  the  extreme  tenuity  of  these  radicles, 
it  was  very  difficult  to  attach  the  square  to  t!ie 
actual  apex.  Whether  owing  to  this  or  some  other 
circumstance,  only  nine  of  the  squares  induced  any 
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cnrvattire.  Tlie  cnrratuie  amounted  in  somo  cases  to 
about  45^*  above  the  horizon,  in  others  to  00%  and  then 
the  tip  pointed  to  the  zenitli.  In  one  instance  a 
distinct  upward  curvature  was  observed  in  8  h.  15  m., 
but  usually  not  until  24  h.  had  elapsed.  Although 
only  9  out  of  39  radicles  were  affected,  yet  the  curva- 
turu  was  so  distiuet  in  several  of  them,  that  there  could 
be  no  doubt  that  the  tip  ia  Bensitive  to  slight  contact, 
and  that  the  growing  part  bends  away  from  the  touch- 
ing object.  It  is  possible  that  some  secondary  raflicles 
are  more  sensitive  than  others ;  for  Sachs  has  proved  • 
the  interesting  fact  that  each  indivi<lual  secondary 
radicle  possesses  its  own  peculiar  constitution. 

Scnsitivenesa  to  contact  of  the  Primary  liadidey  a  litth 
above  the  o/msb,  in  t)ie  Bean  ( Viciafaha)  and  Pea  {Pisum 
sativum). — The  sensitiveness  of  the  apex  of  the  radicle 
in  the  previously  doscribtid  cuac:s,  and  the  consequent 
curvature  of  the  upper  part  from  the  touching  object 
or  other  source  of  irritation,  ia  the  more  remarkable, 
because  Sachs  t  bas  shown  that  pressure  at  the  distance 
of  a  few  millimeters  above  tiie  apex  causes  the  radicle 
to  bend,  like  a  tendril,  towards  the  touching  object. 
By  fixing  pins  so  that  they  pressed  agaiust  the  radicles 
of  beans  suspended  vertically  in  damp  air,  we  saw  this 
kind  of  curvature ;  but  rubbing  the  part  with  a  twig 
or  needle  for  a  few  minutes  produced  no  effect.  Ilabcr- 
landt  rcmorksjj  that  thcBO  radicles  in  breaking  through 
tlie  seed-coats  often  rub  and  press  against  the  ruptured 
edges,  and  consequently  bend  round  them.  As  little 
equares  of  the  card-like  paper  affixed  with  shellac  to 
the  tips  were  highly  efficient  in  causing  the  radicles 
to  bend  away  from  them,  similar  pieces  (of  about  Vyth 


•  'Arbf?ilpn  Bnt  IiwJit.,  Wura-  J  'DioSohiitii'inHo.Utun{ri;n  del 

burg.*  Heft.  iv.  1874,  p.  620.  ICoimpflftnzo,"  1877,  p.  25. 
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inch  sq^uare,  or  rather  less)  were  attached  in  the  same 
manner  to  one  side  of  the  radiule  at  a  distance  uf  3  or 
4  mm.  above  the  apex.  In  our  first  trial  ou  15  radicles 
no  effect  was  produced.  In  a  second  trial  on  the  same 
number,  three  became  abniptly  curved  (but  only  one 
strongly)  towards  the  card  within  2-k  h.  From  these 
cases  we  may  inti;r  thiit  tlio  pressure  from  a  bit  of  cai-d 
affixed  with  shcdiae  to  one  side  above  the  apes,  is  hardly 
a  suflicient  irritant ;  bnt  thtit  it  occasionally  causes  the 
radicle  to  ben<l  like  a  tendril  towards  this  side. 

Wo  next  tried  the  effect  of  rubbing  several  radicles 
at  a  distance  of  -Jt  mm.  from  the  a[>ex  fur  a  few  seconds 
with  lunar  caustic  (uitrute  of  silver)  ;  and  although  the 
radicles  had  been  wiped  dry  and  the  stick  of  caustic 
was  dry,  yet  the  part  rubbed  was  much  injured  and  a 
slight  permanent  depression  was  left.  In  such  cases 
the  opposite  side  continues  to  grow,  and  the  mdiclo 
necessiuily  becomes  bent  towanls  the  injui-ed  side. 
But  when  a  point  4  mm.  from  tiie  apex  was  momen- 
tarily touched  with  dry  caustic,  it  uus  oniy  faintly 
discoloured,  and  uu  permanent  injury  was  caused.  This 
was  shown  by  several  radicles  thus  treated  straighten- 
ing themselves  after  one  or  two  days  ;  yet  at  first  they 
became  curved  ioivanh  the  touched  side,  as  if  they  had 
been  there  subjected  to  alight  continued  pressure. 
These  cases  deserve  noti^^e,  because  when  one  side  of 
the  apex  was  just  touched  with  caustic,  the  radicle,  aa 
we  have  seen,  curved  itself  in  an  opposite  direction,  that 
is,  awai/  from  the  touehiid  side. 

The  radicle  of  the  common  pea  at  a  point  a  Httlo 
above  the  apex  is  rather  more  sensitive  to  continued 
pressure  than  that  of  the  beau,  and  bends  towards  the 
pressed  aide.*     We  experimented  on  a  variety  {York* 
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ikire  Hero)  which  has  a  much  irrinkled  tough  skiii^ 
Ux)  large  fur  the  incluiled  cotyledunH;  so  that  on t  of 
!K)  peas  which  had  but:a  soaked  for  24  h.  and  allowed 
to  germinate  on  damp  sand,  tlie  radicK^  of  three  were 
onable  to  escape,  and  were  crumpled  up  in  a  strange 
mimner  within  the  skin;  fimr  otlier  radieles  were 
abruptly  bent  round  the  edges  of  the  ruptured  skin 
against  which  they  Imd  pressed.  Snch  abnorranlilios 
would  proUibly  never,  or  very  rarely,  i>ccur  with  forms 
developed  in  a  state  of  nature  and  subjected  to  uatunil 
selection.  One  of  the  four  radicles  just  mentioned  in 
donbling  backwards  c^inie  into  oontaot  with  the  pin 
by  which  the  pea  was  fixed  to  the  cork-lid  ;  and  now  it 
bent  at  right  angles  round  the  pin,  in  a  direction  quite 
diflerent  from  that  of  the  first  ctirvaturo  due  to  contact 
\tith  the  ruptured  skin ;  and  it  thus  afTordcil  a  g<.KHl 
illustration  of  the  tendril-like  sensitiveness  of  the 
radicle  a  little  above  the  ap<>x. 

Little  s(|uures  of  the  cunl-like  pajKir  were  next 
affixed  to  radicles  of  the  pea  at  4  mm,  above  the  apex, 
in  the  same  manner  as  with  the  bean.  Twenty-eight 
radicles  suspended  vertically  over  water  werti  thus 
Ireivted  on  different  occasions,  and  13  of  them  became 
curved  towards  the  cards.  The  greatest  degree  of 
curvature  amounted  to  02^  from  thu  iK-rpendieulur; 
liut  so  large  an  angle  was  only  once  formed.  On  one 
occasion  a  slight  curvature  was  perceptible  after  5  h. 
4o  m.,  and  it  was  geufrally  well-marked  after  14  li. 
There  can  therefore  ha  no  doubt  tlmt  with  the  |>ea, 
irritation  from  a  bit  of  card  attached  to  one  side  of  the 
ludicle  above  the  apex  suiHces  to  induce  curvature. 

Squares  of  ciinl  were  attached  to  one  side  of  the  tips 
Df  11  radicles  within  the  same  jars  in  which  the  above 
trials  were  made,  and  five  of  them  became  plainly, 
dud  one  slightly,  curved  away  from  this  side.     Other 
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analogous  cases  will  be  immediately  described.     Tl 

lact  is  here  mentioned  because  it  was  a  striking  spec- 
tacle, showing  the  difference  in  the  sensitiveness  of 
the  radicle  ia  different  parts,  to  behold  in  the  same 
jur  one  set  of  radicles  curved  away  from  the  squaa-es  or 
tlieir  tips,  and  another  set  curved  towards  the  squares 
attached  a  little  higher  up.  Moreover,  the  kind  of 
curvature  in  the  two  cases  is  different.  The  squares 
attached  above  the  apex  cause  the  radicle  to  bend 
aliruptly,  the  part  above  and  beneath  remaining  nearly 
straight ;  so  that  here  there  is  little  or  no  transmitted 
effect.  On  the  other  hand,  the  squares  attached  to 
the  apex  affect  the  radicle  fur  a  length  of  from  about 
4  to  even  S  mm.,  inducing  iu  most  cases  a  sym- 
metrical curvature ;  so  that  here  some  influence  is 
transmitted  from  the  apex  for  this  distance  along  the 
radicle. 

Pisum  sativum  (var.  Yorkshire  Hero) :  Sensitiveness  of 
the  a-^ex  of  ike  iiafZiWe.— Little  squares  of  the  same  cju-d- 
like  pai>er  were  affixed  (April  24th)  with  shellac  to 
one  aide  of  the  apex  of  10  vertically  suspended  radicles : 
the  temperature  of  the  water  in  the  Viottom  of  the  jars 
was  00^-01°  F.  Most  of  these  radicles  were  acted  on 
in  8  h.  30  m. ;  and  eight  of  tliem  became  in  the  course 
of  24  h.  conspicuously,  and  the  remaining  two  slightly, 
deflected  from  the  perpendicular  and  from  the  side 
bearing  the  attached  squares.  Thus  all  were  acted  on  ; 
but  it  will  suffice  to  describe  two  conspicuous  cases. 
In  one  the  terminal  portion  of  the  radicle  was  bent  at 
right  angles  (A,  Fig.  CG)  after  2-i  h. ;  and  in  the  other 
(B)  it  had  by  this  time  become  hooked,  with  the  apex 
pointing  to  the  zenith.  The  two  bits  of  card  here  used 
were  '07  inch  in  length  and  '04  inch  in  breadth.  Two 
other  radicles,  which  after  8  h.  30  ra.  wore  moderately 
deflected,  became  straight  again  after  24  h.     Anothci 
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trial  was  made  in  tho  same  manner  with  15  radicles ; 
Uit  from  circumstances,  not  wortli  oxjilaining,  tlioy 
vcre  only  once  and  briefly  cxamiued  after  tlic  short 

Fig  66. 


B. 

fmnantirum:  doflection  pi-odncoit  within  24  hatin  in  th«  growth  of 
vertically  ilependont  rnitictcs,  br  litttc  squnres  of  cnrd  t^l1iie<!  with 
alitlUc:  to  one  side  of  apex :  A,  bcDt  iit  right  Angles ;  B,  hoi>keiI. 

mterval  of  5  h.  30  m. ;  and  we  merely  record  in  onr 
notes  "  almost  all  bent  slightly  from  the  perpendicular, 
mill  away  from  the  squares ;  the  doHcction  amounting 
in  one  or  two  instances  to  nearly  a  rectangle."  These 
Iwo  sets  of  cases,  especially  the  first  one,  prove  that 
the  apex  of  tlie  nulicle  is  sensitive  to  slight  contiuit 
and  that  the  upper  part  bends  from  the  tonchinj^ 
object.  Nevertheless,  on  June  1st  and  4th,  8  other 
milicles  were  tried  in  tlio  samt)  nmnnor  at  a  tcmjirrn- 
Iiire  of  bS'^-dO"  F.,  and  after  24  h  only  1  was  decidedly 
Iwut  from  the  card,  4  sli<;;htly,  2  Joubti'ally,  and  1  not 
in  the  least.  The  amount  of  curvatiu-o  was  unac<;ount- 
ahly  small ;  but  all  the  radirles  which  were  at  all  bent, 
were  bent  away  from  the  cards. 

We  now  tried  the  eflV-ets  of  widely  different  tempera- 
tares  ou  the  sensitiveness  uf  these  radicles  with  8(^iiares 
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of  card  attached  to  their  tips.  Firstly,  13  peas,  most 
of  them  having  very  short  and  yomig  radicles,  were 
phiced  iu  au  ice-box,  in  which  tlie  tempemtwre  rose 
during  three  davs  from  44"  to47''F,  They  grew  slowly, 
but  10  out  of  the  13  bectune  in  the  course  of  the  three 
days  very  shghtly  curved  from  the  squares ;  the  ot  her 
3  were  not  aft'ected ;  so  that  this  temperature  was  too 
low  for  any  liigli  degree  of  sensitiveness  or  for  much 
uiovernoiit.  Jars  witli  13  other  radieles  were  next 
placed  oTi  a  chimnoy-pieee,  where  they  were  subjected 
to  a  temperature  of  between  68°  and  72°  F.,  and 
after  24  h.,  4  were  conspicuously  curved  from  the 
cards,  2  shghtly,  and  7  not  at  all;  so  that  this  tem- 
perature was  rather  too  high.  Lastly,  12  radicles 
were  subjected  to  a  temperature  varying  between 
72"  and  So""  F.,  and  none  of  them  were  in  the  least 
affected  by  the  squares.  The  above  several  trials, 
especially  the  first  recorded  one,  indicate  that  the 
most  favourable  temperature  for  the  sensitiveness  of 
the  radicle  of  the  pea  is  about  W  F. 

Tiio  tips  of  (i  vertieully  dependent  ra<lieles  wero 
touched  once  with  dry  caustic,  in  the  manner  described 
under  Vicia  /aha.  After  24  h.  four  of  theui  were  bent 
from  the  side  bearing  a  minute  black  mark ;  and  the 
curvature  increased  iu  one  case  after  38  h.,  and  in 
another  case  after  48  h.,  until  the  terminid  part  pn> 
jected  almost  horizontally.  The  two  remaiuing  ra- 
dicles were  not  afl'ected. 

With  radicles  of  the  bean,  when  exlmuhd  horiz^nhiUij 
iu  damp  air,  geotropism  always  cunqucrud  the  offeeta 
of  the  irritation  caused  by  squares  of  oar<l  attached  to 
the  lower  sides  of  their  tips.  A  simihir  experiment 
was  tried  on  13  radicles  of  the  pea;  the  squares  I'oing- 
attached  with  Bhellac,  and  the  temperdtiire  lielween 
OS'-eU""  F.     Tiio  result  was  somewhat  different;  for 
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tbtise  radiolea  are  either  lesu  strongly  acted  uii  by 
gcotropism,  or,  what  is  mure  prububle,  ore  mure  aeu* 
sjtivo  to  contact.  Alter  a  tirat!  geotropism  always 
I'revailoil,  but  its  airtiou  wua  olteu  delayed;  unit  in 
three  inst&ucca  there  was  a  most  curiuua  strugf^le 
Uetweeu  gcotropism  and  the  irritation  caused  by  llie 
curds.  Four  of  the  l'%i  radicles  were  u  little  curved 
duwuwards  within  6  or  8  h.»  always  reckouiu^  from 
the  time  when  the  squares  were  lirst  alLaehed,  and 
niter  23  h.  throe  of  them  jjuiuled  vcrtieully  down- 
wards, and  thu  fourth  at  an  angle  of  4c>^  beneath  the 
horizon.     Those  four  radicles  therefore  did  not  seem 

Vig.  67. 
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$,tlmtm :  n  rn<Itel»  cxtemled  horixonUlIr  In  dnmp  air  with  *  llttit 
square  of  cinl  affii«i  to  the  lower  side  of  its  Tip,  musing  it  to  hrtid 
upwitrils  in  oppoiiticra  to  peotri'|i!»nj.  The  deflection  of  the  radicl* 
after  '21  hours  is  shown  ut  A,  and  of  the  «iin«  radicle  After  45  hoora  at 
B,  now  lortcicg  a  loop. 

to  have  been  at  all  affected  by  the  attaclied  squares. 
Four  others  wt^ro  not  acted  on  by  ppotropism  within 
ibB  first  G  or  8  h.,  but  after  23  li.  wore  much  bowed 
flown.  Two  others  remained  almost  horizontal  for 
'23  h.,  but  afterwards  were  acted  on.  So  that  in  those 
latter  six  cases  the  action  of  geotropism  was  rnnch 
dc'laved.  The  eleventh  radicle  was  slirjhtly  curved 
down  after  8  h.,  but  when  looked  at  a}?ain  after  23  h. 
tho  terminal  portion  was  curved  upwards;  if  it  had 
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bocn  lunger  observed,  the  tip  no  doubt  would  have 
been  found  agjiia  curved  do^vn,  and  it  would  have 
formed  a  loop  as  in  the  ibllowing  case.  The  twelfth 
radicle  after  U  h.  wiis  slightly  curved  downwards;  but 
when  looked  at  again  after  21  h.,  this  cnrvatura  hud 
disappeared  and  the  apex  pointed  upwards ;  after  30  h. 
the  tadicio  formed  ix  hook,  as  sliown  at  A  (Fig.  C7) ; 
wiueh  hook  after  45  h.  was  converted  into  a  loop  (B). 
The  thirteenth  radicle  after  6  h.  was  slightly  curved 
downwards,  but  within  21  h.  had  curved  considerably 
up,  and  then  down  again  at  an  angle  of  45°  beneath 
the  horizon,  afterwards  becoming  perpendicular.  In 
these  throe  last  eases  ge<jtropism  and  the  irritation 
caused  by  the  attached  squares  alternately  prevailed 
in  a  highly  remarkable  manner;  geotropism  being 
ultimately  vietoi-ious. 

Similar  experiments  were  not  abvays  quite  so  suc- 
cessful as  in  the  above  cases.  Thus  G  radicles,  horizon- 
tally extended  with  attached  squares,  were  tried  on 
Juno  8th  at  a  proper  temperature,  and  after  7  h.  oO  m. 
none  were  in  the  least  eui*ved  upwards  and  none  were 
distinctly  geotropic ;  whereas  of  G  radicles  ivithout  any 
attached  squares,  which  served  as  standards  of  com- 
parison or  cuntrols,  3  became  slightly  and  3  almost 
rectangularly  geotropic  within  the  7  h.  30  m. ;  but 
after  23  h.  the  two  lots  were  equally  geotropic.  On 
July  10th  another  trial  was  made  with  6  horizontally 
extended  radicles,  with  squares  attached  in  the  same 
manner  beneath  their  tips ;  and  after  7  h.  30  m.,  4  were 
aliglitly  geotropic,  1  remained  horizontal,  and  1  waa 
curved  upwards  in  opposition  to  gravity  or  geotropism. 
This  latter  radicle  after  48  h.  formed  a  loop,  like  that 
at  U  (Fig.  67). 

An  analogous  trial  was  now  made,  but  instead  of 
attaching  squares  of  eard   to  the  lower  sides  of  the 
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tips,  these  were  touched  with  dry  CAnstic.  The  details 
of  the  experiment  will  be  given  in  the  chapter  on 
Geotropism,  and  it  will  siilticc  here  to  say  that  10 
peas,  with  ladiclea  extendeil  horizontally  and  not  cau- 
terised, were  laid  on  and  under  damp  friable  peat; 
these,  which  served  as  standards  or  contruls,  as  well  as 
10  others  which  hiul  been  touched  on  the  vpprr  side 
with  the  caustic,  all  became  strongly  gcotropic  in  24  h. 
Nine  mdicles,  similarly  place<l,  had  their  tii>s  touchofl 
on  the  lower  side  with  the  caustic ;   and  alter  24  h., 

3  were  slightly  gcotropic.  2  remained  horizontal,  and 

4  were  bowed  upwards  in  opposition  to  gravity  and  to 
geotropism.  This  upward  curvature  was  distinctly 
visible  in  8  h.  45  m.  after  the  lower  sides  of  the  tips 
had  been  cauterised. 

Little  sipiares  of  card  were  affixed  with  shellac  on 
tiro  occasions  to  the  tips  of  22  young  and  short 
HMtidanj  radicles,  which  had  been  emitted  from  the 
primary  radicle  whilst  growing  in  water,  bnt  were  now 
Ruspcndcd  in  damp  air.  Besides  tho  difficulty  of 
attaching  the  squares  to  such  finely  pointed  objecta 
as  were  these  radich.'s,  the  temperature  was  too  high, 
— varying  on  the  first  occasion  from  72^  to  77'  F.,  and 
on  the  second  being  almost  steadily  78''  F. ;  and  this 
prol»ably  lessoned  the  sensitiveness  of  the  tips.  The 
result  was  that  after  an  interval  of  8  h.  30  m,,  0  of  the 
22  radicles  were  bowed  upwards  (one  of  them  greatly) 
in  opposition  to  gravity,  and  2  laterally;  the  remain- 
ing 14  were  not  affected.  Considering  the  unfavour- 
able circumstances,  and  bearing  in  mind  the  case  of 
the  bean,  the  evidence  appears  sufficient  to  show  that 
the  tips  of  the  secondary  radicles  of  the  pea  are 
sensitive  to  slight  contact. 

Phaseolus  mxtltifiorua:  Sensitiveness  of  the  apez  of  tJie 
Rtulicle. — Fifty-nine  mdielps  were  tried  with  squares 
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of  various  sizes  of  the  same  card-like  paper,  also  with 
bits  at'  tliiu  <^tass  and  rough  cinders,  attixed  with  shellac 
ti)  oufl  side  of  the  apex.  Kather  largo  drops  of  the 
dissolvtjd  shellac  were  also  placed  on  them  and  allowed 
to  set  into  hard  beads.  The  specimens  were  subjected 
to  va,rioii9  temperatures  between  60^  and  72°  F.,  more 
common  iy  at  about  the  latter.  But  out  of  this  con- 
siderable number  of  trials  only  5  radicles  were  plainly 
bent,  and  8  others  sli^rlitly  or  even  doubtfully,  fi*oni 
tlie  attached  objects ;  the  remaining  4ti  not  being  ut 
all  affected.  It  is  therefore  clear  that  the  tips  of  the 
radicles  of  this  Phascolus  are  ranch  less  sensitive  to 
contact  than  are  those  of  the  bean  or  pea.  We 
thought  that  they  might  be  sensitive  to  harder 
pressure,  but  after  several  trials  we  could  not  devise 
any  method  for  pi-cssiug  harder  on  one  side  of  the 
apex  than  on  the  other,  without  at  the  same  time 
offering  mechanical  resistance  to  its  growth.  We 
therefore  tried  other  irritants. 

The  tips  of  13  radicles,  dried  with  blotting-paper, 
were  thrice  touched  or  j  ust  rubbed  on  one  side 
with  dry  nitrate  of  silver.  They  were  rubbed  thrice, 
because  we  supposed  from  the  foregoing  trials,  that 
the  tips  were  not  highly  sensitive.  After  21  h,  the 
tips  were  found  greatly  blackened ;  6  were  blackened 
equally  all  round,  so  that  no  cnrvatnro  to  any  one 
side  could  be  expected;.  6  were  much  blackened  on 
one  side  for  a  length  of  about  Voth  of  an  inch,  and 
this  lengtli  became  cunred  at  right  angles  towards  the 
blackened  surface,  the  curvature  afterwards  increasing 
in  several  instances  until  little  hooks  were  formed. 
It  was  miiniftist  tluit  the  blackened  sifle  was  so  much 
injured  that  it  could  not  grow,  whilst  the  opposite 
side  continued  to  grow.  One  alone  out  of  theso  13 
radi(  les  became  curved  Iroui  tlie  bhickcne<l  side,  the 
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currature  extending  for  some  little  distance  obovw 
Uie  apex. 

After  the  experience  thus  gained,  tlie  tips  of  six 
iihnost  dry  raiHelea  were  once  touched  with  the  dry 
caustic  on  one  side;  and  after  »n  interval  of  10  m. 
were  aUowed  to  enter  water,  wiiicti  was  kept  at  a 
temperature  of  60^-^'!^  F.  TJie  result  was  that  aftur 
an  intoinral  of  8  h.  a  minute  bhiekish  speck  could 
just  be  distiutruishcd  on  one  side  of  the  apex  of  five 
of  these  radicles,  all  of  whieh  became  curved  towards 
the  opposite  side — in  two  cases  at  abont  an  angle 
of  45° — iu  two  other  coses  at  nt^rly  a  rectangle — and 
in  the  fifth  case  at  above  a  rectangle,  so  thw-t  the  apex 
was  a  little  hooked  ;  in  this  latter  case  the  black  mark 
was  rather  larger  than  in  the  others.  After  24  h. 
fmm  the  application  of  tlie  caustic,  tlie  curvature  of 
three  of  these  radicles  (inelnding  the  hooked  one)  liad 
diminished ;  in  the  fourth  it  remained  the  same,  and 
in  the  fifth  it  had  incroase<l,  the  tip  being  now  liookt'd. 
It  has  been  said  that  after  8  h.  black  specks  could 
be  seen  on  one  side  of  the  apex  of  five  of  the  six 
radicles  ;  on  the  sixth  the  speck,  whieh  waH  extrtnuely 
minute,  was  on  the  actual  apex  and  therefore  eeutnd  ; 
and  tliis  radicle  alone  did  not  become  cinved.  It  was 
therefore  again  touched  on  one  side  witli  L-austic,  and 
after  15  h.  30  m.  was  found  curved  from  the  per|)en- 
'licular  and  from  the  blackened  side  at  an  angle  of  34^ 
which  increased  in  nine  additional  hours  to  54^ 

It  is  therefore  certain  that  the  apex  of  the  radicle 
of  this  Phaseolus  is  extremely  sensitive  to  caustic, 
more  so  than  that  of  the  bean,  though  the  latter  is 
far  more  sensitive  to  pressure.  In  the  experiments 
jiiat  given,  the  curvature /row*  the  slightly  cauterised 
sido  of  the  tip,  extended  along  the  radicle  for  a 
length   of  nearly  10  mm. ;  whereas  in  the  first   set 
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oi  experiments,  when  the  tips  of  several  were  greatly 
blackened  and  injured  on  one  side,  so  tliat  their  growth 
was  arrested,  a  length  of  less  than  3  mm.  became 
curved  towards  the  m\ic]i  blackened  side,  owing  to  the 
continued  growth  of  the  opposite  side.  Tiiis  differ- 
ence in  the  results  is  interesting,  for  it  shows  that  too 
strong  an  irritant  does  nut  induce  any  transmitted 
effect,  and  does  not  cause  the  adjoining,  upper  anil 
growing  part  of  the  radicle  to  bend.  Wo  have  unalo- 
gons  cases  with  Drosera,  for  a  strong  solution  of  car- 
bonate of  animunia  when  absorbed  by  the  glands,  or 
too  great  lieat  suddenly  applied  to  tbem,  or  crushing 
them,  does  not  cause  the  basal  part  of  the  tentacles 
to  benJ,  whilst  a  weak  solutiuu  of  the  carbonate,  or  a 
moderate  heat,  or  slight  pressure  always  induces  such 
bending.  Similar  results  were  observed  \vith  Diona-'a 
and  Piuguicula. 

The  effect  of  cutting  off  with  a  razor  a  thin  slice 
from  one  side  of  the  conical  apex  of  14  young  and 
short  radicles  was  next  tried.  Six  of  them  after  being 
operated  on  were  suspended  in  damp  air ;  the  tips  of 
the  other  eight,  similarly  suspended,  were  allowed  to 
enter  water  at  a  temperature  of  about  G5*  F.  It  W4is 
recorded  in  each  case  which  side  of  the  apex  had 
been  sliced  off,  and  when  they  were  afterwards 
examined  the  direction  of  the  curvature  was  noted, 
before  the  record  wag  consulted.  Of  the  six  radicles 
in  damp  air,  three  had  their  tips  curved  after  an 
interval  of  10  h.  15  ra.  directly  away  from  the  sliced 
aiirface,  whilst  the  other  three  were  not  affected  nnd 
remained  straight;  nevertheless,  one  of  tliom  after 
13  additional  hours  became  slightly  curved  from  the 
sliced  surface.  Of  the  eight  radicles  with  their  tips 
immersed  in  water,  seven  were  plainly  curved  away 
from  the  sliced  surfaces  after  lU  b.  15  m. ;  aud  with 
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ftispect  to  tbe  eighth  which  remained  quite  sti-aigbt, 
too  thick  a  slico  had  been  accidentally  removed,  6o 
that  it  hardly  formed  a  real  exception  to  the  general 
naiilt.  M'Len  the  seven  radicles  were  looked  al 
Again,  after  an  interval  of  23  h.  from  tiie  time  ol 
slicing,  two  had  become  distorted ;  four  were  deflected 
lit  au  angle  of  abuiil  70^  from  the  iK^rpeiuliculur  and 
from  the  cut  surface ;  and  one  was  duflcuted  at  nearly 
90",  so  that  it  projeetfid  almost  horizontally,  but  with 
the  exti*eme  tip  now  bijginning  to  bend  downwards 
through  the  action  of  geotropism.  It  is  therefore 
manifest  that  a  thiu  slice  ctit  off  one  side  of  the  conical 
apex,  causes  the  upper  growing  part  of  the  radicle  of 
this  FhasGolus  to  bend,  through  the  transmitted  efiecta 
of  the  irritation,  away  from  the  sliced  surface. 

Tropteolum  mdjus:  Sensitiveness  of  the  apex  of  the 
Uadicle  to  contact. — Little  squaros  of  card  wtiro  attached 
with  shellac  to  one  side  of  the  tips  of  19  radicles,  some 
of  which  were  subject(sd  to  78''  F.,  and  others  to  a 
much  lower  temperature.  Only  3  became  plainly 
curved  from  the  squares,  5  slightly,  4  doubtfully, 
and  7  not  at  all.  These  seeds  were,  as  we  believed, 
old,  so  we  procured  a  fresh  lot,  and  now  the  results 
were  widely  dift'orent.  Twenty-three  were  tried  in 
the  same  manner ;  five  of  the  squares  produced  no 
effect,  but  three  of  these  cases  were  uo  real  exceptions, 
fur  in  two  of  them  the  squares  had  slipped  and  were 
parallel  to  the  apex,  and  in  the  third  the  shellac  waa 
itt  excess  and  had  spread  equally  all  round  the  apex. 
One  radicle  was  deflected  only  slightly  from  the 
perpendicular  and  from  the  card ;  whilst  seventeen 
were  plainly  deflected.  The  angles  in  several  of  these 
latter  cases  varied  between  40^  and  65"*  from  the 
perpendicular ;  and  in  twn  of  them  it  amounted  after 
15  h.  or  IG  h.  to  about  \)if.  In  one  instance  a  loop 
12 
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was  nearly  completed  in  16  h.  There  can,  therofore, 
be  no  doubt  that  the  apex  is  higl  ly  sensitive  to  slight 
contact,  and  that  the  upper  part  of  the  radiclo  benda 
away  from  the  touching  object. 

Qossypium  Jwrhaceum:  Sensifiveness  of  the  apex  of  the 
J?(i^ic?e.— Radi(ilt'8  were  experimented  on  in  the  same 
njanuer  as  before,  but  they  proved  ill-fitted  for  out 
purpose,  as  they  soon  became  unhealthy  when  sna- 
pended  in  damp  air.  Of  38  radicles  thus  suspended, 
at  temperatures  varying  from  Ol^  to  (yif  F.,  with 
8<|uarea  of  card  attached  to  their  tips^  9  were  plainly 
and  7  slightly  or  even  doubtfully  deflected  from  the 
squares  and  from  the  perpendieular;  22  not  being 
aft'ected.  We  thought  that  perliaps  the  above  tempera- 
ture was  not  high  enough,  so  10  radicles  with  attached 
B<piare&,  likewise  snspeuded  in  damp  air,  were  subjected 
to  a  temperature  of  from  74^  to  79'^  F.,  but  not  one  of 
them  was  acted  on,  and  they  soon  became  unhealthy. 
Lastly,  19  radicles  were  suspended  in  water  at  a  tem- 
perature from  70°  to  75'  F.,  with  bits  of  glass  or 
squares  of  the  card  attached  to  their  tips  by  means  of 
Canada-balsam  or  asphalte,  which  adhered  rather  better 
than  shellac  beneath  the  water.  The  radicles  did  not 
keep  healthy  for  long.  The  result  was  that  G  were 
plainly  and  2  doubtfully  deflected  from  the  attached 
objects  and  the  perpendicular ;  11  not  being  affected. 
The  evidence  consequently  is  hardly  conclusive, 
though  from  the  two  sets  of  cases  tried  under  a 
moderate  temperature^  it  is  probable  that  the  radicles 
are  sensitive  to  contact;  and  would  be  more  so  under 
favourable  conditions. 

Fifteen  radicles  which  had  germinated  in  friable  peat 
were  suspended  vertically  over  water.  Seven  of  them 
served  as  controls,  and  they  remained  quite  straight 
during  24  h.     The  tips  of  the  other  eight  radicloa 
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were  just  touched  with  dry  caustie  on  une  side.  Afiei 
only  5  h.  10  m.  five  of  them  were  slightly  cpirved 
irom  the  perpemlicular  and  from  the  side  heiiring  the 
little  blackish  marlcs.  After  8  h.  40  ni.,  4  out  oi 
these  5  were  deflected  at  angles  between  15'^  and  65* 
from  the  perpendicular.  Ou  the  other  hand,  one 
which  had  beeu  slightly  curved  after  5  h.  10  m.,  now 
became  straight.  After  24  h.  the  curvature  in  two 
es  had  considerably  increased ;  also  in  four  otliei 
es,  but  these  latter  radicles  liad  uuw  become  so 
contorted,  some  being  turned  upwards,  that  it  could  no 
longer  be  ascertained  whether  they  wure  still  curved 
from  the  cauterised  side.  The  control  specimens  ex- 
hibited no  such  irregular  growth,  and  the  two  sets 
presented  a  striking  contnist.  Out  of  the  8  radicles 
which  had  beeu  touched  with  caustic,  two  alone  were 
not  affected,  and  the  marks  left  on  their  tips  by  the 
tanstic  were  extremely  minute.  These  marks  in  all 
cases  were  oval  or  elongated;  they  were  nuuisured  in 
three  instances,  and  found  to  be  of  nearly  the  same 
size,  viz.  §  of  a  mm.  in  length.  Bearing  this  fact  in 
mind,  it  should  be  observed  that  the  lengtli  of  the 
curved  part  of  the  radicle,  which  had  become  deflected 
from  the  cauterised  side  in  the  course  of  8  h.  40  m., 
ivaa  found  to  Ik.'  in  three  ciiiscs  6,  7,  and  9  mm. 


Cucurbifa  ovifera :  Sensitiveness  of  the  af&a  of  the  Ba- 
dicle, — The  tips  proved  ill-fitted  for  the  attachment  of 
cards,  as  they  aro  extremely  fine  and  flexible.  More- 
[»ver,  owing  to  the  hypocotyls  being  soon  developed 
and  becoming  arched,  the  whole  radicle  is  quickly 
displaced  and  coni'usion  is  thus  caused.  A  large 
number  of  trials  were  made,  but  without  any  detinite 
result,  excepting  on  two  occasions,  when  out  of  23 
mdicles  10  were  deflected  from  the  attached  sf^uares 
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of  card,  aud  13  were  not  acted  on.  Rather  large 
squares,  though  difficult  to  affix,  seemed  more  efficient 
tljau  very  small  oues. 

We  were  much  more  successful  with  cauatic  ;  but  iu 
our  first  trial,  15  railicles  were  too  much  cauteriseil, 
and  only  two  became  curved  from  the  blackened  siile ; 
the  others  being  either  killBd  on  one  side,  or  blackened 
equally  all  round.  Iu  our  next  trial  the  dried  tips 
of  11  radicles  were  touched  momentarily  with  dry 
caustic,  and  after  a  few  miuutes  were  immersed  in 
water.  The  elongated  marks  thus  caused  were  never 
black,  only  brown,  and  about  ^  mm.  in  length,  or 
even  less.  In  4:  h.  3J  ra.  after  the  cauterisation,  6  of 
tliem  were  plainly  curved  from  the  side  with  the 
brown  mark,  4  slightly,  and  1  not  at  all.  The  latter 
proved  unhealthy,  and  never  grew;  and  the  marks  on 
2  of  the  4  slightly  curved  radicles  were  excessively 
minute,  one  being  distinguishable  only  with  the  aid 
of  a  lens.  Of  10  control  specimens  tried  in  the  same 
jars  at  the  same  time,  not  one  was  iu  the  least  curved. 
In  8  h.  40  m.  after  the  cauterisation,  5  of  the  radicles 
out  of  the  10  (the  one  unhealthy  one  being  omitted) 
were  deflected  at  about  90°,  and  3  at  about  45^  from 
the  perpendicular  and  from  tlie  side  bearing  the 
brown  mark.  After  24  h.  all  10  radicles  had  in- 
creased immensely  in  length  ;  in  5  of  them  the  curva- 
ture was  nearly  the  same,  in  2  it  bad  increased,  aud 
in  3  it  had  decreased.  The  contrast  presented  by  the 
10  controls,  after  both  tho  8  ti.  40  m.  and  the  24  h. 
iuteiTals,  was  very  great;  for  they  had  continued  to 
grow  vertically  downwards,  excepting  two  which,  from 
Bome  unknown  cause,  had  become  somewhat  tortuous. 

In  the  chapter  on  Geotropism  we  shall  see  that 
10  radicles  of  this  plant  were  extended  horizuntalJy  on 
ond  beneath  damp  friable  peat,  under  which  conditiDH 
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they  ^row  better  and  more  ntitiirfilly  than  in  damp 
air;  and  their  ti|)3  wt-rt)  slightly  cauterised  on  the 
Jower  side,  brown  mrtiks  aboxit  J  mm,  in  length 
king  thus  caused.  Uueuutcriswl  specimens  siiiiilarly 
placed  bccnnie  niiicli  bent  downwnnls  through  geo- 
Iropism  in  the  course  of  3  or  6  hours.  Alter  8  h. 
uoly  3  of  the  cauterised  ones  were  bowed  downwards, 
und  this  in  a  slight  degree ;  4  remained  horizontal ; 
find  3  were  cur\'e<l  upwards  in  opposition  to  geo- 
tropism  and  from  the  side  bearing  the  brown  mark. 
Ten  other  specimens  had  their  tips  cauterised  at  the 
same  time  and  in  the  same  degree,  on  the  upper 
side ;  and  this,  if  it  produced  any  eflect,  would  tend 
to  increase  the  power  of  gcotropism ;  and  all  these 
radicles  were  strongly  bowed  downwards  after  8  h. 
From  tlie  several  foregoing  facts,  there  can  be  no 
doubt  that  the  cauterisation  of  the  tip  of  the  radicle 
uf  this  Cncurbitii  on  one  side,  if  done  lightly  enough, 
(.■iLuses  the  whole  growing  part  tu  bend  to  tlio  opposite 
side. 

Raphanus  sattmts:  SensUiveness  of  (he  apex  of  the 
Badicie, — Wo   hero  encounteri'd  many  difficulties  in 
(mr  trials,  both  with  s<[uare3  of  card  and  with  caustic; 
for  when  seeds  were  pinned  to  a  cork-lid,  many  of  the 
tadicles,  to  wliich   nothing  hud   been   done,  grew  irre- 
gularly, often  curving  upwards,  as  if  attracted  by  the 
damp  surface  above ;  and  when  they  were  immersed 
iu   water   they   liki:wiso  often   grew  irregularly.     "We 
tlid  not  therefore  dare  to  trust  our  experiments  with 
I  attached  sipiares  of  card  ;  nevertheless  some  of  them 
ficomed  to  indicate  that  tho  tips   were  sensitive  to 
eonlact.     Our  triuls  with  caustic  generally  failed  from 
the  diflGculty  of  uot  injuring  too  greatly  the  extremely 
fine  tips.     Out  of  7  nxdicles  thus  tried,  one  became 
U)wed  after  22  h.  at  an  angle  of  (iO**,  a  second  at  40° 
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trnd  a  third  very  slightly  from  the  perpendicular  and 
from  the  cauterised  side. 

A^scalus  hippocastanum :  SetisiUveness  of  the  apex  oj 
tlie  Radicle. — Bits  of  ghiss  and  sfpiares  of  cjird  \V(iro 
affixed  with  shellac  or  gum-water  to  the  Ups  of  12 
radicles  of  the  horse-chestnut;  mid  when  these  objects 
lull  off,  they  were  refixed  ;  but  not  in  a  sin«jle  instauco 
waa  any  curvature  thus  ciiused.  These  massive 
mdielcs,  one  of  which  was  above  2  inches  in  length 
and  -y  inch  in  diameter  at  its  base,  seemed  insensible 
to  so  alight  a  stimulus  as  any  small  attached  object. 
Xevcrtheleas,  when  the  apex  cncauntered  au  obstacle 
iu  its  downward  course,  the  growing  part  became  so 
uniformly  and  symuietrically  curved,  that  its  appear- 
ance indicated  not  mere  mechanicjil  bending,  but 
increased  gi-owth  tdung  the  whole  convex  aide,  due  to 
the  irritation  of  the  apex. 

That  this  is  the  correct  view  may  be  inferred  from 
tlie  eftetits  of  the  more  powerful  stimulus  of  caustic. 
The  bondin-^  from  the  cauterised  side  occurred  much 
slower  than  in  the  previously  described  Hpecies,  and  it 
will  perhaps  be  worth  whUe  to  give  our  trials  in 
detail. 

Tlio  fieuds  germinated  in  sawdust,  and  one  side  of  the  tips  of 
the  radicles  were  slightly  rubl)ed  once  witb  dry  nitrate  of  silveri 
aod  after  a  few  miuutt-B  vvero  alloweil  to  dip  into  water.  Thoy 
wore  sulijectud  to  a  nUhcr  varjiug  tomperaturo,  generally 
lietween  52'  and  53"^  F.  A  few  casos  have  not  been  thought 
iTorth  recording^  in  which  the  whole  tip  was  hlaekoned,  or  in 
■nhieh  the  seedling  soon  hecnme  unhealthy. 

(1.)  Thn  radiclo  was  alightly  deflected  from  tha  canterisod 
Bide  in  one  day  (i.e.  21  h.);  in  three  days  it  stwd  at  60''  from 
the  porpendicular;  in  four  days  at  9tP  ;  on  the  fifth  day  it  was 
curved  up  about  dO'  fihovt  the  horizon;  .^o  timt  it  had  piL'cscd 
througli  an  angle  of  1-JO^  in  the  five  days,  and  this  was  llifl 
gFErttest  amount  of  cm-vature  obseryed. 

(2.)  In  two  days  ratlicl©  slightly  defloctod;  after  serun  dava 
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dejected  t)9^  from  the  pcrpcndicalor  and  from  tie  caatcrisoTl 

ode;  after  eight  days  tlio  angle  amounted  to  nearl;  90^. 

(8.)  After  one  day  sliKlit  doflection,  but  tlie  cauterised  mark 
vu  80  faint  that  the  same  Bide  was  again  touched  with  caustic, 
tu  Tour  davB  from  the  first  touch  deflocUou  amounted  to  7b^, 
rhich  in  an  additional  day  incrcacod  to  9u°. 

(1)  After  two  days  Rlight  deflection,  which  dnring  the  next 
Ihreo  days  certainly  lucrtasod  but  never  l)ecamo  great ;  tho 
radicle  did  not  grow  well  and  died  on  the  eighth  day. 

(5.)  After  two  days  Tory  alight  deflection;  but  thi^  on  the 
fourth  day  amounted  to  56*'  from  the  porpcDdieuIar  and  from 
the  cauttTttscd  side. 

(6.)  After  three  days  doubtfully,  but  after  four  doys  certainly 
deflected  from  tho  cauterised  side.  On  the  fifth  day  deflectioc 
eoionnted  to  45°  from  the  perpendicular,  and  this  on  the  seventh 
day  increased  lo  about  90°. 

(7.)  After  two  days  uliglitly  deflected;  on  the  third  day  thfl 
deflectiou  amounted  to  25°  from  tho  perpendicular,  and  LhiJ 
did  not  afterwards  increase. 

(8.)  After  one  day  deflection  distinct;  on  the  third  day  i*. 
amonntcd  tn  44",  and  on  the  fourth  day  to  72^  from  the  perpeL 
dicular  and  the  cauterised  Ride. 

(9.)  After  two  daya  deflection  slight,  yet  distinct;  on  the 
third  day  tho  tip  wau  again  touohod  on  the  same  side  with 
nustic  and  ttius  killed. 

(10)  After  one  day  alight  deflection,  which  af'er  six  days 
increased  lo  50°  from  the  perpendicular  and  the  cauteriRcd  side. 

(11.)  After  one  day  decided  deflection,  which  ufter  six  days 
mcroaaed  to  62"^  from  the  perpendicular  and  from  the  cauterised 
side. 

(12.)  After  one  day  eh'ght  deflection,  which  on  the  second  day 
MaoxmteJ  to35^ou  tho  fourth  day  to  50^  and  tho  sixth  day 
to  63*"  from  the  perpendicular  and  the  cauterised  side. 

(1:^.)  Whole  tip  blackened,  but  more  on  one  side  than  the 
other;  on  tho  fourth  dny  slightly,  and  on  the  sixth  day  firc-ally 
deflected  frona  the  more  t>lftckeued  side ;  the  deflection  on  the 
i;iDth  day  amounted  to  90°  from  the  pcr]Jeudicular. 

(14.)  Whole  tip  blackened  in  tho  same  manner  as  in  the  last 
wse;  on  the  second  day  decided  deflection  from  tho  more 
blackened  side,  which  increased  on  the  seventh  day  to  ntarlj 
90*;  on  the  following  day  tho  radicle  appeared  imlieallhy. 

{ilf  1  Here  we  had  the  anomalous  case  of  a  radicle  bending 
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slightly  towards  the  cauterised  side  on  the  flrat  day,  and  con- 
tinuing to  do  eo  for  the  noxt  three  days,  when  the  deflection 
araountod  to  ahont  90°  fi-nm  the  pcrpendicnlur.  The  cause 
appeared  to  lie  in  the  tendril-like  sensitiveness  of  the  nppor  part 
of  the  radicle,  ogairiJ^t  which  the  point  of  a  Jarge  triangiilar  flap 
of  the  pocd-coats  pres-sed  with  coTisiderahlo  force ;  and  this 
iiTitatiou  apparently  conquered  that  from  the  cauterised  apex. 


Tliese  several  cases  show  beyond  daubt  that  the 
irritation  of  one  aide  of  the  apex,  excites  the  dipper 
part  of  the  radicle  to  bend  slowly  towards  the  opposite 
side.  This  fact  was  well  exhibited  in  one  lot  of  five 
seeds  pinned  to  the  cork-lid  of  a  jar ;  for  when  after 
6  days  the  lid  was  turnod  upside  down  aud  viewed 
from  directly  above,  the  little  black  marks  made  by  the 
caustic  were  now  all  distinctly  visible  on  the  upper 
sides  of  the  tips  of  the  laterally  bowed  radicles. 

A  thin  slice  was  shaved  off  with  a  raKor  from  one 
side  of  the  tips  of  22  radicles,  in  the  manner  described 
under  the  common  bean  ;  but  this  kind  of  irritation 
did  not  prove  very  effective.  Only  7  out  of  the  22 
radicles  became  moderately  deflected  in  from  3  to  5 
days  from  the  sliced  surface,  and  several  of  the  others 
grew  irregularly.  The  evidence,  therefore,  is  far  from 
conclusive. 

Qnereiis  robur:  Sensitiveness  of  the  apea;  of  the  Badicle, 
— The  tips  of  the  radicles  of  the  common  oak  are  fully 
as  sensitive  to  slight  contact  as  are  those  of  any  plant 
examined  by  us.  They  remained  healthy  in  damji  air 
for  10  days,  but  grew  slowly.  Squares  of  the  curd- 
like paper  were  fixed  with  shellac  to  the  tips  of  15 
radicles,  and  ten  of  these  became  conspicuously  bowe4 
from  the  perpendicular  and  from  the  squares ;  two 
alightly,  and  tbree  not  at  all.  But  two  of  tho  latter 
were  not  real  exceptions,  as  they  were  at  first  very 
sliort,  and  haidly  grew  afterwards.     Some  of  the  more 
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lemarkable  cases  are  worth  describing.  The  radiclej: 
irere  examined  on  each  successive  marning,  at  nearly 
the  same  hour,  that  is,  after  intervals  of  24  h. 

No.  1.  This  nuiiclo  suffered  from  a  series  of  nncitlcuts,  and 
octeil  in  nn  anomalous  mnnucr.  for  the  apt^x  appLorcd  at  IuhI 
iusensihle  nml  afterwards  gcositivo  to  contact.  The  Brst  equarA 
was  attached  on  Oct.  19th  ;  on  the  2lBt  the 
rudicic  wns  not  at  all  cnrvcd,  and  the  &quai*G 
was  accidontally  knocked  off;  it  was  refixed 
OD  the  22ii(l,  and  the  radicle  became  slightly 
caried  from  the  «jimre,  Ijut  loo  ciirvtiture 
disappeared  on  the  23rd,  when  the  square 
was  removed  and  refixed.  No  cnrvaiuro  cn- 
sned.and  the  square  was  again  acridcntaily 
kuocked  off,  and  refixed.  On  the  raorning  of 
the  27th  it  was  washed  off  by  having  reached 
the  water  in  the  bottom  of  the  jar.  The 
eqnare  was  reiised,  and  on  the  29thj  that 
iSj  tea  days  after  the  first  square  had  l>een 
attached,  and  two  days  after  the  attachment 
of  the  last  square,  the  radicle  had  grown  to  _ 

the  great  length  of  3-3  inches,  and  now  q,,,,.^^^^.  ,,,ji,„ 
the  torminal  growing  part  had  become  bent      with  s-iuare  of  car! 
away  from  the   square   into   a  houk  (see 
Fig.  6S). 

No.  2.  Square  attached  on  the  19th ;  on 
the  20th  radicle  slightly  deflected  from  it 
AiiJ  from  tlio  pcrpomlicular;  on  the  21st 
deflected  at  nearly  right  angles ;  it  remained  during  the  next 
two  days  in  this  po.^ition,  but  on  the  25th  the  upward  cnrip-a- 
tare  was  lessonel  through  the  action  of  geotropism,  and  still 
more  so  on  the  26th. 

No.  y.  Square  attached  on  the  19th ;  on  the  21st  a  trace  of 
cnrrature  from  the  square,  which  amounted  on  the  22nd  to 
about  4h°,  and  on  the  23rd  to  53°  from  the  perpendicular. 

No.  1.  Square  attached  on  the  21st:  on  the  22nd  trace  of 
currotnre  from  the  square ;  on  the  23rd  completely  hooked 
with  tlie  point  turned  up  to  the  zenith.  Three  days  afterwards 
{le.  26th)  the  curvature  had  wholly  disappeared  and  the  apex 
poin'ed  [perpendicularly  dowuwards. 

No.  5.  S(|uare  attached  on  the  21st;  on  the  22nd  decided 


ftttnt'lipil  tfi  oiiu  kkU 
of  np0i,  r.itiRin^  it 
to  kiircitme  hooked. 
Driiwing  onc'hnlf 
natural  tcole. 
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though  Bljglit  curvatiiTB  from  the  square;  on  tho  23rd  the  tii: 
had  curved  ^ip  alcove  the  ho  izon,  and  on  tho  2ith  was  UookeJ 
with  the  njMJx  pointing  uhoost  to  the  aenith,  as  iu  Fig.  63. 

No.  6.  Sqviare  attached  on  tlio  21st;  on  the  22ud  slightly 
curved  fruni  the  eqr.ore;  23rd  moro  cin-vcd;  2iJlh  consider- 
ably curved;  27th  all  curvature  lest,  and  tho  Jmlicle  was  now 
directed  perpendicularly  downwards. 

No.  7.  Square  attached  on  the  21st ;  on  the  22nd  &  trace  of 
curvatiu'c  from  the  square,  which  increased  next  day,  and  on 
tho  'Jltu  aui'juntid  to  a  right  angle. 

It  is,  therefore,  manifest  that  the  apex  of  the  radicle 
of  the  oak  is  highly  sensitive  to  coutai;t,  and  retaius 
itb  seii3itiveno33  dviring  several  days.  The  movement 
thus  induced  was,  however,  slower  than  iu  any  of  the 
previous  cases,  with  the  exception  of  that  of  j^ilsculus. 
As  with  the  bean,  the  teruiiiial  growing  part,  after 
bending^  sometimes  straightened  itself  through  the 
action  of  geotropisra,  althougli  the  object  still  remained 
attached  to  the  tip. 

The  some  remarkable  experiment  was  next  tried) 
as  in  the  case  of  the  bean ;  namely,  little  squares  of 
exactly  tho  same  size  of  the  card-like  sanded  paper 
and  of  very  thin  paper  (the  thicknesses  of  which  have 
been  given  under  Vieia  faha)  were  attached  with 
shellac  on  opposite  sides  (as  accurately  as  could  be 
done)  of  the  tips  of  13  radicles,  suspended  in  dam|) 
air,  at  a  temperature  of  65*^-60^  F.  The  result  was 
striking,  tor  J)  out  of  these  13  raiUcles  became  plainly, 
and  1  very  slightly,  curved  from  the  thick  paper 
towaitls  the  side  bearing  tho  thin  paper.  In  two  of 
these  cases  the  apex  became  completely  hooked  after 
two  days;  in  four  cttaes  the  deflection  from  the  per- 
pendicular and  from  the  side  bearing  the  thick  paper, 
amt)unted  in  frum  two  to  four  day.s  to  angles  of  OU^ 
7'!^,  00°,  and  49°,  but  in  two  otiier  cases  to  only  iS" 
and  l^)^     It  should,  however,  be  stated  that  in  the 
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case  in  wliich  the  deflection  was  49**,  the  two  squares 
had  accidentally  come  into  coutact  on  one  side  of  the 
ai>cx,  and  thus  formed  a  Inteml  gjible ;  and  the  deflec- 
tion was  directed  iu  jKirt  from  tins  gable  and  in  part 
from  the  thick  paper.  Li  three  cases  alone  the  ratlicies 
wore  not  afferted  by  the  difference  in  thickness  of  the 
s<|uare8  of  prtj>er  attached  to  their  tips,  and  conse- 
quently did  not  beud  away  from  the  side  bearing  the 
fitiffer  paper, 

Zea  niatfs :  Sensitiveness  of  (he  apex  of  the  Badich  to 
eontaei, — A  large  muuber  of  trials  were  made  on  this 
plant,  as  it  was  tlie  only  monocotyledon  on  which  we 
experimented.  An  abstract  of  the  results  will  suffice. 
In  the  first  place,  22  germinating  seeds  were  pinned  to 
ot)rk-lids  without  any  object  being  attached  to  their 
radicles,  some  being  expt)sed  to  a  temperature  of  65  - 
CC  F.»  and  others  to  between  74^  and  VT  ;  and  none  of 
them  became  curved,  though  some  were  a  little  inclined 
to  one  side.  A  few  were  selected,  which  from  having 
germinated  on  sand  were  crooked,  but  when  suspended 
in  damp  air  the  terminal  part  grew  straight  duun- 
wards.  This  fact  having  been  ascertained,  little  squares 
of  the  card -like  paper  were  affixed  with  shellac,  on 
several  occjisions,  to  the  lips  of  tJS  radicles.  Of  these 
the  terminal  growing  part  of  39  became  within  24  h. 
conspicuously  curved  away  from  the  attached  squares 
and  from  the  perpendicular ;  13  out  of  the  39  forming 
hooks  with  their  points  directed  towards  the  zenith, 
and  8  forming  loops.  3Ioreover,  7  other  radicles  out 
nf  the  Q^y  were  slightly  and  two  doubtfully  deflected 
from  the  cards.  There  remain  20  which  were  not 
affected ;  but  10  of  these  ought  not  to  be  counted ; 
for  one  was  diseased,  two  had  their  tips  quite  sur 
rounded  by  shellac,  and  the  squares  on  7  had  slipped 
io  as  to  stand  pandhd  to  the  npex,  instead  of  obliquely 


178  SENSITIVENESS  OF  THE  APEX         Chap.  m. 

on  it.  There  were  therefore  only  10  out  of  the  68 
which  certainly  were  not  acted  on.  Some  of  the 
radicles  which  were  experimented  on  were  young  and 
short,  niost  of  thom  of  moderate  length,  and  two  or 
three  exceeded  three  inches  in  len^h.  The  curva- 
ture in  the  above  caaes  occurred  within  24  h.,  but  it 
WAS  often  conspicuous  within  a  much  shorter  period. 
For  instance,  the  terminal  growing  part  of  one  radicle 
was  bent  upwards  into  a  rectangle  in  8  h,  15  m.,  and 
of  another  in  9  h.  On  one  occasion  a  hook  was 
formed  in  9  h.  Six  of  the  radicles  in  a  jar  contflining 
nine  seeds,  which  stood  on  a  sand-bath,  raised  to 
a  temperature  varying  from  76"  to  82°  F.,  became 
hooked,  and  a  seventh  formed  a  complete  loop,  when 
first  looked  at  after  15  hours. 

The  accompanying  figures  of  four  germinating  seeds 
(Fig.  69)  show,  firstly,  a  radicle  (A)  the  apex  of  wliii-h 
has  become  so  much  bent  away  from  the  attached 
square  as  to  form  a  hook.  Secondly  (B),  a  hook 
converted  through  the  continued  irritation  of  the 
card,  aided  perhaps  by  gcotropism,  into  an  almost  _ 
complete  circle  or  loop.  The  tip  in  the  act  of  forming  I 
a  loop  generally  rubs  against  t)io  upper  part  of  the 
radicle,  and  pushes  off  the  attached  square ;  the  loop 
then  contracts  or  closes,  but  never  disappears ;  and 
the  apex  afterwards  grows  vertically  downwards,  being 
no  longer  irritated  by  any  attached  object  This 
frequently  occurred,  and  is  represented  at  C.  The 
jar  above  mentioned  with  the  six  licwked  radicles  an<l 
another  jar  were  kept  for  two  a'lditional  days,  for  the 
sake  of  observing  how  the  hooks  would  be  modified. 
Most  of  them  became  converted  into  simple  loops, 
like  that  figured  at  C ;  but  in  one  case  the  apex  did 
lint  rub  against  the  upper  i}art  of  the  radicle  and  thus 
remove  the  card;  atul  it  consequently  made,  owing 
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to  the  continued  irritation  from  the  card,  two  oompleta 
loops,  that  is,  a  helix  of  two  spires;  which  aftorwojds 
became  pressed  closely  together.  Then  geotropism 
prevailed  and  caused  the  njjcx  to  grow  perpendicularly 
downwards.     In  another  case,  shown  at  (D),  the  apex 


Vig.  es 


JO  D. 

Ao  hm^si  ndiclos  excited  to  bend  away  from  the  little  squim  of  otrl 

Bttftchcd  to  ou«  side  of  their  tips. 

in  making  a  second  turn  or  spire,  passed  through  the 
flrst  loop,  which  was  at  first  widely  0|>en,  and  in 
doing  so  knocked  off  the  card ;  it  then  grew  periien- 
dicularly  downwards,  and  thus  tied  itself  into  a  knot, 
which  soon  becjinio  tight ! 

Secondary  Radicks  of  Zea, — A  short  time  after  the 
firet  radicle  has  appeared,  others  protrude  from  the 
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Beed,  but  not  Iftterally  from  the  primary  ono.  Ten  of 
these  secuudary  mdii;lt;s,  which  were  directed  obliquely 
dowTi wards,  were  expcrinientod  on  with  very  siiiull 
squares  of  card  attached  witli  shclhic  to  the  lower 
sides  of  their  tips.  If  therefore  the  squares  acted,  the 
radicles  would  bend  upward*  in  oppasitirm  to  gravity. 
The  jar  stood  (protected  from  light)  on  a  santl-bath, 
which  varied  between  76°  and  S2°  F.  After  only 
5  h.  one  appeared  to  be  a  little  deflected  from  the 
square,  and  after  20  h.  formed  a  loop.  Four  others 
were  considerably  curved  from  the  squares  a*"(er  20  h., 
and  three  of  them  became  hooked,  with  their  tips 
pointing  to  the  zenith, — one  after  29  h.  and  the 
two  others  after  44  h.  By  this  latter  timo  a  sixth 
radicle  had  become  bent  at  a  right  angle  from  the  side 
bearing  the  square.  Thus  altogotber  six  out  of  the 
ten  secondary  radicles  were  acted  on,  fonr  not  being 
affected.  There  am,  therefore,  be  no  doubt  that  the 
tips  of  these  secondary  radicles  are  sensitive  to  slight 
contact,  and  that  when  thus  exeited  they  cause  the 
upper  part  to  bend  from  the  touching  object ;  but 
generally,  as  it  appears,  not  in  so  short  a  time  as  in 
the  cose  of  the  first-formed  radicle. 


Sensitiveness  of  the  tip  of  the  Kadicle  to 
Moist  Air. 

Sachs  made  the  interesting  discovery,  a  few  years 
ago,  that  the  radicles  of  many  seedling  plants  bend 
towards  an  adjoining  damp  siu-face.*  We  shall  here 
endeavour  to  show  that  this  peculiar  form  of  sensitive- 
ness resides  in  their  tips.  The  movement  is  directlv 
the  reverse  of  that  excited  by  the  irritants  hitherto 
considered,   which    cause   the    growing    part   of    tlie 

•  *  Arbeilen  dea  Bot.  Tnsb'tnt,  in  Wflraburg/  vol.  i.  1872,  p.  200. 
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rwliclo  to  bend  away  from  tho  source  of  irritfttiou. 
In  our  experiment*  we  followed  SucUs'  plan,  and  sieves 
with  seeds  germinatiujij  in  damp  sawilnst  were  sus- 
pended so  that  the  bottom  wan  generally  iuchned  at 
40*^  with  the  horuEon.  If  the  radicles  hod  been  acted 
on  solely  by  geotropism,  they  would  have  grown  out 
of  tho  bottom  of  tlie  sieve  perpendicularly  down- 
wards; but  as  they  were  attnicted  by  the  afJjoining 
damp  surfaeo  they  bent  towanla  it  and  were  deflected 
50"^  from  the  perpondictilar.  For  the  sake  of  ascertain- 
ing whether  the  tip  or  tho  whole  growing  part  of  the 
radicle  was  sensitive  te  the  moist  air,  a  length  of  from 

I  to  2  mm.  was  coated  in  a  certain  number  of  cases 
with  a  mixture  of  olivc-oil  and  lamjvblack.  TLis 
mixture  was  made  in-order  to  give  consistence  to  the 
oil,  so  that  a  thick  layer  could  be  ap|>lied,  which 
would  exclude,  at  least  to  a  large  extent,  the  moist  air, 
and  would  be  easily  visible.  A  greater  number  of 
experiments  than  those  which  were  actually  tried 
would  have  been  necessary,  had  nut  it  l>een  elenrly 
established  that  the  tip  of  the  radicle  is  the  part  which 
is  sensitive  to  various  other  irritants, 

Phaseoim  m«?/j./f(?rtt«.— Twenty-nine  radicles,  to  which  no- 
thine  l»«d  (»eon  d  mo,  prowiiig  out  of  n  siev^o,  were  obserred 
ah  Uie  same  lime  with  those  wkich  liad  their  tips  greased, 
and  for  an  equal  lougtb  of  time.  Of  tho  20,  2-1  curved  thom- 
Belves  BO  as  to  c  rao  iuto  close  contaLit  with  tho  bottoni  of  the 
sieve.  The  place  of  chit  f  curvature  wns  g(?neraily  ftt  a  distance 
of  5  or  G  ram.  from  tlie  npcx.  Eight  radicles  had  thi-ir  tips 
greftsed  for  a  length  of  2  mm.,  and  t^o  others  for  a  Iciit^tb  of 

II  mm. ;  they  were  kept  at  n.  tcniporature  of  15''-16^  C.  After 
intervals  of  froin  19  h.  to  24  h.  all  were  still  Tcrtieally  or 
■Iroost  vertically  depondent,  for  some  of  thcra  had  moved 
towards  tho  adjoining  damp  surface  by  about  10".  They  had 
tboreforo  not  been  acted  on,  nr  only  slightly  achd  dl,  by  the 
damjwr  air  on  one  side,  altboufrh  the  wliolo  iipp«r  part  wae 
&oely  e:£t)08ed.    After   in  h.  three  of  these  radiclee   beoooia 
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considerably  carred  lowards  tlio  sieve ;  and  the  absence  of  cwrra- 
tnre  in  some  of  the  others  might  pcrhapa  bo  accounted  for  b^ 
their  not  Jiaving  grown  very  well.  But  it  sliould  be  observed 
that  during  the  first  19  h.  to  24  h.  all  grew  well ;  two  of  them 
having  increafied  2  and  B  mm.  in  length  in  11  h. ;  five  others 
increased  5  to  8  mm.  in  19  b. ;  and  two,  which  had  Iwen  at  first 
4  and  C  mm.  in  length,  iucreased  in  24  h.  to  15  and  20  mm. 

The  tips  of  10  radicles,  wliieli  likewise  grew  well,  were  coated 
with  the  grease  for  a  length  of  only  I  mm.,  and  now  the  result 
was  Bomtwhat  different;  for  of  these  1  curved  thcmi-elvea  to 
the  sieve  in  from  21  h.  to  24  h.,  whilst  6  did  not  do  so. 
Five  of  the  latter  were  obwcrvcd  for  an  additional  day,  and  now 
all  excepting  one  beciune  curved  to  the  sieve. 

The  tips  of  5  radicles  were  cauterised  with  nitrate  of  silver, 
aud  about  1  mm.  in  length  was  thus  destroyed.  They  were 
observed  for  periods  varying  between  11  h.  and  24  h.,  and  w^re 
found  to  have  grown  well.  One  of  tliem  had  curved  until  it 
came  into  contact  with  the  eieve ;  another  waa  cnrving  towards 
it;  whilst  the  remaining  three  were  still  vertically  dependent. 
Of  7  not  cauterised  nwlicles  ul>served  at  the  same  time,  all  had 
come  into  contact  with  the  sieve. 

Tlie  tips  of  11  radicles  were  protected  by  moJBtened  gold- 
beaters' skin,  which  adheres  closely,  lor  a  length  varying  from 
li  to  2i  mm.  After  22  h.  to  24  h ,  6  of  these  radicles  were 
clearly  bent  towards  or  had  come  into  contact  with  the  sieve; 
2  were  slightly  curved  in  this  direction,  and  3  not  at  all.  All 
had  grown  well.  Of  14  control  specimens  observed  at  the  same 
time,  all  excepting  one  had  closely  approached  the  sieve.  It 
appwirs  from  these  c-asos  that  a  cap  of  goldbeaters*  skin  checks. 
though  only  to  a  slight  degree,  the  bending  of  the  radicles  to 
an  adjoining  damp  surface.  Whether  an  extremely  thin  sheet 
of  this  substance  when  moistened  allows  moisture  from  the  air 
to  pas.s  through  it,  wo  do  not  know.  One  case  indicated  that 
the  caje  were  sometirnea  more  efficient  than  appears  from  the 
al>ove  results;  for  a  radicle,  which  after  23  h.  had  only 
Blightly  approached  the  sieve,  had  its  cap  (li  mm.  in  length) 
removed,  and  during  the  nest  IDi  h.  it  curved  itself  abruptly 
towards  the  source  of  moisture,  the  cliief  seat  of  curvature 
being  at  a  distance  of  2  to  3  mm.  &om  the  apox. 

Vicia  /aba. — The  tips  of  13  radicles  were  coated  with  the 
grease  for  a  length  of  2  nmi. ;  and  it  should  lie  remembered 
that  with  these  radicles  the  seat  of  chief  curvature  is  about 
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4  or  5  mm.  trom  the  apex.  Four  of  thoin  wero  examined  after 
22  fa.,  thrco  after  26  h.,  and  six  after  36  b.,  and  dodo  hod 
boon  attracted  toTard»  the  damp  lower  surfoco  of  the  siere. 
In  anotbei  trial  7  radicles  were  similarly  treated,  and  5  of  them 
still   pointed  perpeudlcalarly  downwards  after  11   k..  vlulat 

2  vreru  a  little  cnrvcd  towards  the  sieve;  by  an  accident  thty 
wcro  not  subsequently  observed.  lu  both  tlicso  trials  the 
rodiclos  grew  well ;  7  of  them,  which  wcro  at  first  from  4  to 
11  mm.  in  IcDgth,  were  after  11  h.  between  7  and  IG  mm.; 

3  which  were  at  lir«t  from  6  to  b  mm,  after  26  b.  were  U'o 
to  18  nun.  in  length ;  and  lastly,  4  radicles  which  wore  at  first 

5  to  8  mm,  after  4.6  h.  were  18  to  23  mm.  iu  length.  The 
control  or  trngreasod  radicles  were  not  inrariably  attracted 
towards  tlie  bottom  of  the  sieve.  But  on  one  occasion  12  out  of 
13,  which  were  observed  fi>r  periods  between  22  h.  and  36  h., 
were  thus  attractei.  On  two  other  occasions  taken  together, 
SS  out  of  40  wcro  similarly  attracted.  On  another  occasion 
only  7  oat  of  14  bobnvol  in  this  manner,  but  after  two  more 
days  the  proportion  of  the  curved  increased  to  17  out  of  23. 
On  a  last  occasion  only  11  otit  of  20  were  thus  attracted.  If 
we  add  up  these  numbers,  wo  find  that  78  out  of  96  of  the 
control  specimens  curved  thcraselves  towards  the  bottom  of  the 
sieve.  Of  the  siMjciraena  with  greased  tips,  2  alone  out  of  the 
20  (but  7  of  these  were  not  ol>9erved  for  a  sufficiently  long 
time)  thus  curved  themselves.  We  can,  therefore,  hardly  doubt 
that  the  tip  for  a  length  uf  2  mm.  is  the  part  which  is  sensitive 
to  a  moist  atmosphere,  and  causes  the  upper  part  to  bend 
towards  its  source. 

The  tips  of  15  iwlicles  were  cauterised  with  nitrate  of  silver, 
and  they  grew  aa  well  as  those  above  dtscribod  with  greased 
tips.  After  an  interval  of  2-1  h.,  9  of  them  were  not  at  all 
curved  towards  the  bottom  of  the  sieve;  2  wore  curved  toward.s 
it  at  angles  of  20°  and  12°  from  their  former  vertical  position, 
and  4  had  come  into  close  contact  with  it.  Thus  tlie  destruc- 
tion of  the  tip  for  a  length  of  about  1  ram.  prevented  the  curva- 
ture of  the  greater  number  of  these  radicles  to  the  adjoining 
damp  surface.  Of  2'1  control  specimens,  23  were  bent  to  the 
Bievo,  and  on  a  socond  occasion  15  out  of  16  were  similarly 
curved  in  a  greater  or  less  degree.  These  control  trials  aro 
included  in  those  given  in  the  furegaiug  paniEraph. 

Amua  «oi'wx.— The  tips  of  13  radicles,  which  projoct«d 
betueeu  2  and  4  mm.  from  the  bottom  of  the  sieve,  man;  of 
IS 
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them  not  quite  perpendiculftrly  downwards,  were  coated  with 
the  hlock  grDaso  for  a  length  of  from  1  to  li  mm.  Tho  sievea 
were  inclined  at  3CP  with  the  horizon.  The  greater  number  of 
theec  radicles  were  esainiaed  after  22  h.,  and  a  few  after  25  h., 
and  within  these  intervals  they  had  grown  bo  quickly  as  to  have 
nearly  doubled  tlioir  lengths.  With  tho  ungreasod  radicles  the 
chief  scat  of  cun'atnrc  ia  at  a  distance  of  not  le-ss  than  between 
35  and  6"5  mm.,  and  not  more  than  between  7  and  10  mra.  from 
the  apex.  Out  of  the  18  radicles  with  greased  tips,  4  had  not 
moved  at  all  towards  the  sieve;  6  were  deflected  towards  it  and 
from  the  perpendicular  by  angles  varying  between  10"  and  35** ; 
and  3  had  couao  into  close  contact  with  it.  It  appears,  therefore, 
at  first  eiglit  that  greasing  tho  tips  of  these  radicles  had  checked 
but  little  their  bending  to  the  adjoining  damp  surface.  But  the 
inspection  of  the  sieves  on  two  occasions  produced  a  widely 
different  impression  on  the  mind;  for  it  was  impossible  to 
behold  the  radicles  with  the  black  greased  tips  projecting  from 
the  bottom,  and  all  those  with  ungrcased  lips,  iit  least  40  to  50 
in  number,  clinging  closely  to  it,  and  feel  any  doubt  that  the 
greasing  hod  produced  a  great  effect.  On  close  examination 
only  a  single  ungrc-ased  radicle  could  bo  found  which  had  not 
become  curvutl  towards  the  sieye.  It  is  probable  that  if  tho 
tips  tuid  been  protected  by  grcaso  for  a  length  of  2  mm.  instead 
of  from  1  to  li  mm.,  they  would  not  have  been  ofTocted  by  the 
moist  air  and  none  would  have  become  curved. 

Triticttm  V'ilg'tre. — Analogous  trials  were  made  on  8  radictos 
of  tho  common  wheat;  and  greasing  their  tips  produced  much 
less  effect  than  in  the  case  of  the  oats.  After  22  h.,  5  of  them 
had  como  into  contact  \nih  the  bottom  of  the  siovo;  2  hod 
moved  towards  it  10°  and  IS'',  and  one  alone  remained  perpen- 
dicular. Not  one  of  the  very  numerous  uugreasod  radicles 
failed  to  corae  into  close  contact  with  tbe  sieve.  These  trials 
were  made  on  Nov.  2Bth,when  the  temperature  was  only  ^''■S  C. 
at  10  A.M,  We  should  hardly  have  tliought  this  case  wrorth 
notice,  had  it  not  been  for  the  following  circumstance.  In  the 
b^inniug  of  October,  when  the  temperature  was  considurably 
higher,  viz.,  12°  to  13°  C,  we  found  that  only  a  few  of  the 
ungrcased  radicles  became  bent  towards  the  sieve ;  and  this 
indicates  that  sensitiveness  to  moisture  in  the  oil  is  increased 
by  a  low  temperature,  as  wo  have  seen  with  the  radicles  of 
Vicia  /aba  relatively  to  objects  attached  to  their  tips.  But  in 
the  present  instance  it  is  jwssiblo  that  a  diSbroucc  in  the  drynesB 
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of  file  m  m^  hare  cmoBad  tfas  diflezmoi.  in  the  rwolto  at  tht 
two  pcriodiL 

FinAlly,  the  facts  jnst  given  with  M«pect  to  Pkateolui 
uviUfionUj  Vida  /aba,  and  Avwta  niha  show,  as  it 
leans  to  us,  that  a  layer  of  grease  spread  for  a  length 
of  1^  to  2  mm.  orer  the  tip  of  the  radicle,  or  the 
destruction  of  the  tip  by  canstic,  greatly  lessens  or 
quite  annuls  in  the  upper  and  exposed  part  the  power 
of  bending  towards  a  neighbouring  source  of  moisttire. 
We  should  bear  in  mind  that  the  part  which  bends 
most,  lies  at  some  little  distance  above  the  greased  or 
cauterised  tip  ;  and  that  the  rapid  growth  of  this  part, 
proves  that  it  has  not  been  injured  by  the  tijw  having 
been  thus  treated.  In  those  cases  in  which  the  radicles 
with  greased  tips  became  curved,  it  is  possible  that  the 
layer  of  grease  was  not  sufficiently  thick  wholly  to  ei- 
ddde  moisture,  or  that  a  sufficient  length  was  not  thus 
protected,  or,  in  the  case  of  the  caustic,  not  destroyed. 
WTien  radicles  with  greased  tips  are  left  to  grow  for 
sevend  days  in  damp  air,  the  grease  is  drawn  out  into 
the  finest  reticulated  threads  and  dots,  with  narrow 
portions  of  the  surface  left  clean.  Such  portions 
would,  it  is  probable,  be  able  to  absorb  moisture,  and 
thus  we  can  account  for  several  of  the  radicles  with 
greased  tips  having  become  cur\'ed  towards  the  sieve 
after  an  interval  of  one  or  two  days.  On  the  whole, 
we  may  infer  that  sensitiveness  to  a  difference  in  the 
amount  of  moisture  in  the  air  on  the  two  sides  of  a 
radicle  resides  in  the  tip,  which  transmits  some  influ- 
ence to  the  upper  part,  causing  it  to  bend  towards  the 
source  of  moisture.  Consequently,  the  movement  is 
the  reverse  of  that  caused  by  objects  attached  to  one 
side  of  the  tip,  or  by  a  thin  slice  being  cut  off,  or  by 
being  slightly  cauterised.  In  a  future  chapter  it 
wilt  be  shown  that  sensitiveness  to  the  attraction  of 
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gravity  likewise  resides  in  the  tip;  so  that  it  is  the 
tip  which  excites  the  adjoiniug  parts  of  a  horizontally 
exLeuded  radicle  to  heud  towards  the  centre  of  tlie 

earth. 


Skcondary  Radicxes  becomutg   vertically   Geci- 

THoriC    BY    THE    DEJjTRUCTION    OR    INJDltY    OF    THE 

Terminal  Part  or  the  Phimabt  Radicle. 

Sachs  has  shown  that  tho  lateral  or  secondary 
radicles  of  the  bean,  and  probably  of  other  plants,  are 
acted  on  by  geotropism  in  so  peculiar  a  manner,  that 
they  grow  out  horizontally  or  a  little  inclined  down- 
wards ;  and  be  has  further  shown*  the  interesting  fact, 
that  if  the  end  of  the  primary  radicle  be  cut  off,  one 
of  the  nearest  secondary  radicles  changes  its  nature 
and  grows  perpendicularly  downwards,  thus  replacing 
the  primai*y  radicle.  We  repeated  this  experiment, 
and  planted  beans  with  amputated  radicles  in  fi'luble 
peat,  and  saw  the  result  described  by  Sachs ;  but 
generally  two  or  three  of  the  secondary  radicles  grew 
perpendicularly  downwards.  We  also  modified  the 
experiment,  by  pinching  young  radicles  a  little  way 
above  their  tipa,  between  the  arms  of  a  U-shaped 
piece  of  thick  leaden  wire.  The  part  pinched  was 
thus  flattened,  and  was  afterwards  prevented  from 
growing  thicker.  Five  radicles  had  their  ends  cut 
oIT,  and  served  as  controls  or  standards.  Eight  were 
pinched ;  of  these  2  were  pinched  too  severely  and 
their  ends  died  and  dropped  off ;  2  were  not  pinched 
enough  and  were  not  sensibly  affected  ;  the  remaining 
4  were  pinched  sufficiently  to  check  the  growth  oi 
the  terminal  part,  but  did  not  appear  otherwise  injured. 
When  the   U-shaped  wires  were   removed,   aft«r  an 
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interval  of  15  days,  tbc  part  beneath  the  >vire  was 
found  to  be  very  thin  and  easily  broken,  whilst  the 
part  above  was  thickened.  Now  in  these  four  cases, 
one  or  more  of  the  secondary  radicles,  arising  from 
the  thickened  part  just  above  the  wire,  Iiad  grown 
perpendicularly  downwanls.  In  the  best  case  tlie 
primary  radicle  (the  part  below  the  wire  being  IJ  inch 
in  length)  was  somewhat  distorted,  and  was  not  half 
as  long  as  three  adjoining  secondary  radicles,  which 
had  grown  vertically,  or  almost  vertically,  downwards. 
Some  of  these  secondary  radicles  adhered  together  or 
had  become  confluent.  AVe  learn  from  these  four  cases 
that  it  is  not  necessary,  in  order  that  a  secondary 
radicle  should  assume  the  nature  of  a  primary  one, 
that  the  latter  should  be  actually  amputated ;  it  is 
sufficient  that  the  flow  of  sap  into  it  should  be 
checked,  and  consequently  should  be  directed  into  the 
adjoining  secondary  radicles ;  for  this  seems  to  be 
the  most  obvious  result  of  the  primary  radicle  being 
pinched  between  the  arms  of  a  U-shaped  wire. 

This  change  in  the  nature  of  secondary  radicles  is 
<learly  analogous,  as  Sachs  has  remarked,  to  that 
which  occurs  with  the  shoots  of  trees,  when  the  leading 
one  is  destroyed  and  is  afterwjirda  replaced  by  one  or 
more  of  the  lateral  shoots  ;  for  these  now  grow  upright 
instead  of  sub-horizontally.  But  in  this  latter  case 
the  lateral  shoots  are  rendered  apogeotropic,  whereas 
with  radicles  the  lateral  ones  are  rendered  geotropic. 
V'e  are  naturally  led  to  suspect  that  the  same  cause 
acts  with  shoots  as  with  roots,  namely,  an  increased  flow 
of  sap  into  the  lateral  ones.  We  made  some  trials  with 
Ahies  coinmimts  and  pecthuda,  by  pinching  with  wire 
the  leading  and  all  the  lateral  shoots  excepting  one. 
But  we  believe  that  they  were  too  old  when  experi- 
mented on  ;  and  some  were  pinched  too  severely,  and 
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some  not  enougli.  Only  one  case  succeeded,  namely 
with  the  spnice-fir.  The  leading  shoot  was  not  killed, 
but  its  growth  was  checked;  at  its  base  there  were 
three  lateral  shoots  in  a  ivhorl,  two  of  which  were 
pinched,  one  being  thus  killed ;  the  third  was  left 
untouched.  These  lateral  slioots,  when  operated  on 
(July  14th)  stood  at  an  angle  of  8°  above  the  horizon ; 
by  Sept.  8th  the  unpinched  one  had  risen  35°;  by 
Oct.  4th  it  had  risen  46^  and  by  Jan.  26th  48^  and 
it  had  now  become  a  little  curved  inwards.  Part 
of  this  rise  of  48"  may  be  attributed  to  ordinary 
growth,  for  the  pinched  shoot  rose  12'^  within  the  same 
period.  It  thus  follows  that  the  unpinched  shoot 
stood,  on  Jan.  26th,  56°  above  the  horizon,  or  34'' 
from  the  vertical;  and  it  was  thus  obviously  almost 
ready  to  replace  the  sloAvly  growing,  pinched,  lead- 
ing shoot.  Nevertheless,  we  feel  some  duubt  about 
this  experiment,  for  we  have  since  observed  with 
spruce-firs  growing  rather  unhealthily,  that  the  lateral 
shoots  near  the  summit  sometimes  become  highly 
inclined,  whilst  the  leading  shoot  remains  apparently 
Bound, 

A  widely  different  agency  not  rarely  causes  shoots 
which  naturally  would  have  grown  out  horizontally  to 
grow  np  vertically.  The  lateral  branches  of  the  Silver 
Fir  {A.  pectinata)  are  often  affected  by  a  fungus, 
Mcidium  datmum,  which  causes  the  branch  to  enlarge 
into  an  oral  knob  formed  of  hard  wood,  in  one  of 
which  we  counted  24  rings  of  growth.  According  to 
D©  Bary,*  when  the  mycelium  penetrates  a  bud  be- 
giiining  to  elongate,  the  shoot  developed  from  it 
grows  vertically  upwards.     Such  upright  shoots  after- 


*  See  his  vnluablo  article  in 

BoL  Zeitung.'  1867,  p.  2.^7,  on 

ihose  moDfitroiu  growttia,  vrhioli 
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wards  produce  lateral  and  horizontal  branches;  and 
they  then  present  a  ciuious  appearance,  as  if  a  young 
fir-tree  had  grown  out  of  a  bull  of  clay  surrounding 
tho  brancL  These  upright  shoots  have  miinifeatly 
changed  their  nature  and  become  apogeotropic ;  for  if 
they  had  not  been  afi'ected  by  the  ^cidium,  they 
would  have  grown  out  horizontally  like  all  the  other 
twigs  on  the  same  branches.  This  change  can  hardly 
be  due  to  an  increased  flow  of  sap  into  the  part;  but 
the  presence  of  the  mycelium  will  have  greatly  dis- 
turbed its  natural  constitutiou. 

According  to  Mr.  Meehan,*  the  stems  of  three 
species  of  Euphorbia  and  of  Poriulaca  deracea  are 
"normally  prostrate  or  procumbent;"  but  when  they 
are  attacked  by  an  ^cidium,  they  "  assume  an  erect 
habit."  Dr.  Stahl  informs  us  that  he  knows  of  several 
analogous  koscs;  and  tliese  seem  to  bo  closely  relate<i 
to  that  of  the  Abies.  The  rhizomes  oi  Sparganium 
ramosuin  grow  out  horizontally  in  the  soil  to  a  con- 
siderable length,  or  are  diageotropic ;  but  F.  Elfving 
found  that  when  they  wore  cultivated  in  water 
their  tips  turned  upwards,  and  they  became  apogeo- 
tropic. The  same  i-esult  followed  when  the  stem  of  the 
plant  was  beut  until  it  cracked  or  was  merely  much 
bowed.t 

No  exphiualion  has  hitherto  been  attempted  of  such 
cases  as  the  foregoing, — namely,  of  secondary  radiclos 
growing  vertically  downwards,  and  of  lateral  shoots 
growing  vertically  upwards,  after  tbe  amputation  of 


•  *Pjoc.  Acad.  Xat.  Sc  PbEla- 
dtJphia.*  Jiino  I6tb,  1874,  and 
July  23rd,  1S7d. 

t  See  F.  F.lFvtng'8  interesting 
paper  in  *Arbeiten  Dot.  iD&titut., 
Ill  WUrzbui>';  vol.  ii.  1880.  p.  489. 
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the  primary  radicle  or  of  the  leading  shoot.  The 
following  considerations  give  us,  as  we  believe,  the 
clue.  Firstly,  any  cause  wbieh  disturbs  the  con- 
stitution •  is  apt  to  induce  reversion ;  such  as  the 
crossing  of  two  distinct  races,  or  a  change  of  con- 
ditions, as  when  domestic  animals  become  feral. 
But  the  case  which  most  concerns  us,  is  the  frequent 
appearance  of  peloric  flowers  on  the  summit  of  a  stem, 
or  in  tho  centre  of  the  inflorescence, — parts  which,  it  is 
believed,  receive  the  most  sap ;  for  when  an  irregular 
flower  becomes  perfectly  regular  or  peloric,  this  may 
be  attributed,  at  least  partly,  to  reversion  to  a  primi- 
tive and  normal  type.  Even  the  position  of  a  seed  at 
the  end  of  the  capsule  sometimes  gives  to  the  seedling 
developed  from  it  a  tendency  to  revert.  Secondly, 
reversions  often  occur  by  meaus  of  buds,  independently 
of  reproduction  by  seed  ;  so  that  a  bud  may  revert  to 
the  character  of  a  former  state  many  bud-generations 
ago.  In  the  case  of  animals,  reversions  may  occnr  in 
the  individual  with  advancing  age.  Thirdly  and 
lastly,  radicles  when  they  first  protrude  from  the  seed 
are  always  geotropic,  and  plumules  or  shoots  almost 
always  apogeotropic.  If  then  any  cause,  such  as  an 
increased  flow  of  sap  or  the  presence  of  mycelium, 
disturbs  the  constitution  of  a  lateral  shoot  or  of  a 
secondary  radicle,  it  is  apt  to  revert  to  its  primordial 
state ;  and  it  becomes  either  apogeotropic  or  geotropic, 
as  the  case  may  be,  and  consequently  grows  either 
vertically  upwards  or  downwards.     It  is  indeed  pos- 


•  The  fnolB  on  wliioh  tlie  fol- 
lovlng  conclatsionB  are  fouudod 
are  given  in  'The  Varifttion  of 
A.ti[malB  and  Plniils  under  Domes- 
tication/2Dd  eilit  1875.  Ou  the 
cfluses  leading  to  revcrsi'in  see 
tAs&p.  lii.  ToL  ii.  nnd  p.  59,  chap. 
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position  on  the  plant  With 
refipcct  to  eettdi,  p,  S40.  On  le- 
Toraion  hj  mcana  of  buds,  p.  438 
chnp.  xi  vol.  i. 
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sible,  or  even  probable,  that  this  tendency  to  reroreion 
may  have  been  increased,  as  it  is  manifestly  of  service 
to  the  plant. 

SuMUABY  OF  Chapter. 

A  part  or  organ  may  be  called  sensitive,  when  ita 
irritation  excites  movement  in  an  adjoining  part.  Now 
it  has  been  shown  in  this  chapter,  that  tlie  tip  of  tlie 
radicle  of  the  bean  is  in  this  sense  sensitive  to  the 
contact  of  any  small  object  attached  to  one  side  by 
shellac  or  gum-water;  also  to  a  slight  touch  ^ith  dry 
caustic,  and  to  a  thin  slice  cut  off  one  side.  The 
radicles  of  the  pea  were  tried  with  attached  objects 
and  caustic,  both  of  which  acted.  With  Phaseolus 
viuUiflon^s  the  tip  was  hardly  sensitive  to  small  si^unres 
of  attached  card,  but  was  sensitive  to  caustic  and  to 
slicing.  The  radicles  of  Tropieolum  were  highly  sen- 
sitive to  contact ;  and  so,  as  far  as  we  conid  judge, 
were  those  of  Qossypium  herbaceumt  and  they  wore 
certainly  sensitive  to  caustic.  The  tips  of  the  radicles 
of  Ciicurbita  ovifera  were  likewise  highly  sensitive  to 
caustic,  though  only  moderately  so  to  contact.  Ha- 
pkanus  satiinis  offered  a  somewhat  doubtful  case. 
With  ^scnlus  the  tips  were  quite  indifferent  to 
bodies  attached  to  them,  though  sensitive  to  caustic. 
Those  of  Quercus  robur  and  Zea  mays  were  highly  sen- 
sitive to  contact,  as  were  the  radicles  of  the  latter 
to  caustic.  In  several  of  these  cases  the  difference  in 
sensitiveness  of  the  tip  to  contact  and  to  caustic  was, 
as  we  believe,  merely  apparent ;  for  with  Gossypium, 
Baphanusj  and  Cucurbita,  the  tip  was  so  fine  and 
flexible  that  it  was  very  difficult  to  attach  any  object 
to  one  of  its  sides.  AVith  the  radicles  of  iEsculns, 
the  tips  were  not  at  all  sensitive  to  small  bodien 
attached  to  them;  but  it  does  not  follow  from  thi< 
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fact  that  they  would  not  have  been  sensitive  to  some- 
what greater  continued  pressure,  if"  this  could  have 
been  applied* 

The  peculiar  form  of  sensitivenesa  wliich  we  are 
here  considering,  is  confined  to  the  tip  of  the  radicle 
for  a  length  of  from  1  mm.  to  1'5  mm.  When  this 
part  is  irritated  by  contact  with  any  object,  by  caustic, 
or  by  a  thin  slice  being  cut  off,  the  upper  adjoining 
part  of  the  radicle,  for  a  length  of  from  6  or  7  to 
oven  12  mm.,  is  excited  to  bond  away  from  the  aide 
which  has  been  iiritated-  Some  influence  must  there- 
fore bo  transmittoil  from  the  tip  along  the  radicle  for 
this  length.  The  curvature  thus  caused  is  generally 
symmetrical.  The  part  which  bends  most  apparently 
coincides  with  that  of  the  most  rapid  growth.  The 
tip  and  the  biisal  part  grow  very  slowly  and  they 
bend  very  little. 

Considering  the  widely  separated  position  in  the 
vegetable  series  of  the  several  above-named  genera, 
we  may  conchido  that  the  tips  of  the  radicles  of  all,  or 
almost  all,  plants  are  similarly  sensitive,  and  transmit 
an  influence  causing  the  upper  part  to  bend.  With 
respect  to  the  tips  of  the  secondary  radicles,  those  of 
Vicia  fuba,  Pisum  sativum^  and  Zea  mays  were  alone 
observed,  and  they  were  found  similarly  sensitive. 

In  order  that  these  movements  should  be  properly 
displayed,  it  appears  necessary  that  the  radicles 
should  grow  at  their  normal  rate.  If  subjected  to  a 
l)igh  temperature  and  made  to  grow  rapidly,  the 
tips  seem  either  to  lose  their  sensitiveness,  or  the 
upper  part  to  lose  the  power  of  bending.  So  it 
appears  to  be  if  they  grow  very  slowly  from  not  being 
vigorous,  or  from  being  kept  at  too  low  a  temperature, 
also  when  they  are  forced  to  germinate  in  the  middle 
of  the  winter. 
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The  curvature  of  the  radicle  sometimes  occure 
within  trvm  G  to  S  hours  after  the  tip  has  been  irritated, 
aiid  almost  always  \\ithin  24  h.,  exce]>ting  in  the 
case  of  the  masidvo  radicles  of  ^sculus.  The  curvtv* 
tnre  often  amounts  to  a  rectangle, — that  is,  the  ter- 
minal part  bends  upwards  until  the  lip,  wliich  is  but 
little  curved,  projects  almost  horizontally.  Occa- 
sionally the  tip,  from  the  continued  irritation  of  the 
attached  objectj  continues  to  bend  up  until  it  furms  a 
hook  with  the  point  directed  towards  the  zenith,  or 
a  loop,  or  even  a  spire.  After  a  time  the  radicle 
ajtparently  becomes  accustomed  to  the  irritation,  a» 
occurs  in  the  case  of  tendrils,  for  it  again  grows  down- 
wards,  although  the  bit  of  card  or  other  object  may 
remain  attached  to  the  tip. 

It  is  evident  that  a  small  object  attached  to  the  free 
point  of  a  vertically  suspended  radiole  can  offer  no 
mechanical  resistance  to  its  growth  as  a  whole,  for  the 
object  is  carried  downwards  as  the  radicle  elongates, 
or  upwards  as  the  radicle  curves  upwards.  Nor  can 
the  growth  of  the  tip  itself  be  mechanically  checked 
by  an  object  attached  to  it  by  gum-water,  which 
remains  all  the  time  perfectly  soft.  The  weight  of 
the  object,  though  quite  insignificant,  is  opposed 
to  the  upward  curvature.  We  may  therefore  conclude 
that  it  is  the  irritation  due  to  contact  which  excites 
the  movement.  The  contact,  however,  must  be  pro- 
longed, for  the  tips  of  15  radicles  were  rubbed  for  a 
'jhort  time,  and  this  did  not  cause  them  to  bend.  Here 
then  we  have  a  case  of  specialised  sensibility,  like 
that  of  the  glands  of  Droscra ;  for  these  are  ex- 
qmsitely  sensitive  to  the  slightest  pressure  if  prolonged, 
but  not  to  two  or  three  rough  touches. 

When  the  tip  of  a  radicle  is  lightly  touched  on  one 
mde  with  dry  nitrate  of  silver,  the  injury  caused  is 
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very  slight,  and  the  adjoining  upper  part  bends  awaj 
from  the  cuiuterised  point,  with  more  certainty  in  most 
coses  than  from  an  object  attached  on  one  aide.  Here 
it  obviously  is  not  the  mere  touch,  but  the  efiect 
produced  by  the  caustic,  which  induces  the  tip  to 
transmit  some  influence  to  the  adjoining  part,  causing 
it  to  bend  away.  If  one  side  of  the  tip  is  badly 
injured  or  killed  by  the  caustic,  it  ceases  to  grow, 
whilst  the  oppf^sito  side  contiunes  growing  ;  and  the 
result  is  that  the  tip  itself  bends  towards  the  injured 
side  and. often  becomes  completely  hooked;  and  it  is 
remarkable  that  in  this  case  the  adjoining  upper  part 
does  not  bend.  The  stimulus  is  too  powerful  or  the 
shock  too  great  for  the  proper  influence  to  be  trans- 
mitted from  the  tip.  We  have  strictly  analogous  cases 
with  Drosera,  Dionaea  and  Pinguicula,  with  which 
plants  a  too  powerful  stimulus  does  not  excite  the 
tentacles  to  become  incurved,  or  the  lobes  to  close,  or 
the  margin  to  be  folded  inwards. 

With  respect  to  the  degree  of  sensitiveness  of  the 
apex  to  contact  under  favourable  conditions,  we  have 
seen  that  with  Vicia  faha  a  little  square  of  writing- 
paper  affixed  with  shellac  sufficed  to  cause  move- 
ment; as  did  on  one  occasion  a  square  of  merely 
damped  goldbeaters'  skin,  but  it  acted  very  slowly. 
Short  bits  of  moderately  thick  bristle  (of  which  mea- 
surements have  been  given)  affixed  with  gum-water 
acted  in  only  three  out  of  eleven  trials,  and  beads  of 
dried  shellac  under  jjjijth  of  a  grain  in  weight  acted 
only  twice  in  nine  cases ;  so  that  here  we  have 
nearly  reached  the  minimum  of  necessary  irrita- 
tion. The  apex,  therefore,  is  much  .less  sensitive  to 
pressure  than  the  glands  of  Drosera,  for  these  are 
affected  by  far  thinner  objects  than  bits  of  bristle 
and  by  a  very  much  less  weight  than  ^ho^^  ^^  ^  grain. 
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But  the  moat  interesting  evidence  of  the  delicate 
■ensitiveuess  of  the  tip  of  the  raUicle,  was  affurdetl  by 
ita  [Kjwerof  discriminating  between  equal-sizetl  squares 
01  card-like  and  very  tliiu  paper,  when  these  were 
attached  on  opposite  sides,  as  was  observed  with  the 
radiules  of  the  bean  and  oak. 

When  radicles  of  the  beau  are  extended  horizon- 
tally with  squares  of  card  attached  to  tlie  lower  sules  oi 
their  tips,  the  irritation  thus  caused  was  always  con- 
quered by  geotropism,  which  then  acts  under  the  most 
favourable  conditions  at  right  angles  to  the  radicle. 
But  when  objects  were  attached  to  tbc  radicles  of  and 
of  the  above-named  genera,  suspended  vertically,  the 
irritation  conquered  geotropisra,  which  latter  power 
at  first  acted  oblirjuely  on  the  radicle ;  so  that  the 
immediate  irritation  from  the  attaclicd  obj(_^ct,  aided 
by  its  after-effects,  prevailed  and  caused  the  radicle 
to  bend  upwards,  until  sometimes  the  point  was 
directed  to  the  zenith.  We  must,  however,  assume 
that  the  after-effects  of  the  irritation  of  the  tip  by  an 
attached  object  come  into  play,  only  after  movement 
has  been  excited.  The  tips  of  the  radicles  of  the  pea 
seem  to  be  more  sensitive  to  contact  than  these  of  the 
bean,  for  when  they  were  extended  horizontally  with 
squares  of  card  adheriiig  to  their  lower  sides,  a  most 
curiuns  struggle  occasionally  arose,  sometimes  one 
and  sometimes  the  other  furco  provailiug,  hut  ulti- 
mately geotropism  was  always  victorious ;  neverthe- 
less, in  two  instances  the  terminal  part  became  so 
much  curved  upwards  that  loops  were  subsequently 
formed.  With  the  pea,  therefore,  the  irritation  from 
an  attached  object,  and  from  geotropism  when  acting 
ki  right  angles  to  the  radicle,  are  nearly  balanced 
'  foTces.  Closely  similar  results  were  observed  with  the 
hoiizontally  extended    nvdicles   of  Citourbita  ovifera. 
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when  theii  tips  were  slightly  cauterised  on  the  lower 
side. 

rinally,  the  several  co-ordinated  movements  by 
which  radicles  are  enabled  to  perform  their  proper 
functions  are  admirably  perfect  In  whatever  direc- 
tion the  primary  radicle  iirst  protrudes  from  the  geod, 
geotropiam  guides  it  perpendicularly  downwards ;  and 
the  capacity  to  be  acted  on  by  the  attraction  of 
gravity  resides  in  the  tip.  But  Sachs  has  proved* 
that  the  secondary  radicles,  or  those  emitted  by  the 
primary  one,  arc  acted  on  by  geotropism  in  such  a 
manner  that  they  tend  to  bend  only  obliquely  down- 
wards. If  they  had  been  acted  on  like  the  primary 
radicle,  all  the  radicles  would  have  penetrated  the 
ground  in  a  close  bundle.  We  have  seen  that  if 
the  end  of  the  primary  radicle  is  cut  off  or  in- 
jured, the  adjoining  secondary  radicles  become  geo- 
tropic  and  grow  vertically  downwards.  This  power 
must  often  be  of  great  service  to  the  plant,  when  the 
primary  radicle  has  been  destroyed  by  tlie  larva!  of 
insects,  burrowing  animals,  or  any  other  accident.  The 
tertiary  radicles,  or  those  emitted  by  the  secondary 
ones,  are  not  influenced,  at  least  in  the  case  of  the 
bean,  by  geotropism ;  so  they  grotv  out  freely  in  all 
directions.  From  this  manner  of  growth  of  the  various 
kinds  of  radicles,  they  are  distributed,  together  with 
their  absorbent  hairs,  throughout  the  surrounding  soil, 
as  Sachs  has  remarked,  in  the  most  advantageous 
manner  ;  for  the  whole  soil  is  thus  closely  searched. 

Geotropism,  as  was  shown  in  the  last  chapter, 
excites  the  primary  radicle  to  bend  downwards  with 
very  little  force,  quite  instifficient  to  penetrate  the 
ground*     Such  penetration  is  effected  by  the  pointed 
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apex  (protected  by  the  root-cap)  being  pressed  down 
by  the  longitudinal  expansion  or  growth  of  the  ter- 
minal rigid  portion,  aided  by  its  transverse  expan- 
BiDn,  both  of  which  forces  act  powerfully.  It  is, 
however,  indispensable  that  the  seeds  should  be  at 
first  held  down  in  some  manner.  Wheu  they  lie 
on  the  bare  surface  they  are  held  down  by  (ho  attao}i- 
ment  of  the  root-hairs  to  any  adjoining  objects ;  and 
this  apparently  is  effected  by  the  ctjnversion  of 
their  outer  surfaces  into  a  ceuieut.  But  many  seeds 
get  covered  up  by  various  accidents,  or  they  fall  into 
crevices  or  holes.  With  some  seeds  their  own  weight 
suffices. 

The  circumnutating  movement  of  the  terminal  grow- 
ing part  both  of  tlie  primary  and  secondary  radicles 
is  so  feeble  that  it  can  aid  them  very  little  in  pene- 
trating the  ground,  excepting  when  tlie  superficial 
layer  is  very  soft  and  damp.  But  it  must  aid  them 
materially  when  they  happen  to  break  obliq^uely  into 
cracks,  or  into  burrows  made  by  earth-worms  or  larvae. 
This  movement,  moreover,  combined  with  the  sen- 
sitiveness of  the  tip  to  contact,  can  hardly  fail  to  bo 
of  the  highest  importance;  for  as  the  tip  is  always 
endeavouring  to  bend  to  all  sides  it  will  press  on  all 
Bides,  and  will  thus  be  able  to  discriminate  between 
the  harder  and  softer  adjoining  surfaces,  in  the  same 
manner  as  it  discriminated  between  the  attached 
Bquaros  of  card-like  and  thin  paper.  Consequently  it 
will  tend  to  bend  from  the  harder  soil,  and  will  thus 
follow  the  lines  of  least  resistance.  So  it  will  be  if  it 
meets  with  a  stone  or  the  root  of  another  plant  in  the 
soil,  as  must  incessantly  occur.  If  tlie  tip  were  not 
sensitive,  and  if  it  did  not  excite  the  upper  part  of  the 
root  to  bend  away,  whenever  it  encountered  at  right 
angles  some  obstacle  in  the  ground,  it  would  bo  liable 
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to  be  doubled  up  into  a  contorted  mass.  But  we  hare 
seen  with  radicles  growing  down  incliued  plates  of 
glass,  that  as  soon  as  the  tip  mereiy  touched  a  slip  of 
wood  cemented  across  the  plate,  the  whole  terminal 
growing  part  curved  away,  so  that  the  tip  soon  stooil 
at  right  angles  to  its  former  direction  ;  and  thus  it 
would  be  with  an  obstacle  encountered  in  the  groiind, 
as  far  as  the  pressure  of  tho  surrounding  soil  would 
permit.  We  can  also  understand  why  thick  and  strong 
radicles,  like  those  of  j3^Isculus,  should  be  endowed 
with  less  sensitiTeness  than  naore  delicate  ones  ;  for 
the  former  would  be  able  by  the  force  of  their  growth 
to  overcome  any  slight  obstacle. 

After  a  radicle,  which  has  been  deflected  by  some 
stone  or  root  fi*om  its  natural  downward  course, 
reaches  the  edge  of  the  obstacle,  geotropism  will  direct 
it  to  grow  again  straiglit  downward ;  but  we  know  that 
geotropism  acts  with  very  little  force,  and  here  another 
excellent  adaptation,  as  Sachs  has  remarked,*  comes 
into  play.  For  tiie  upper  part  of  tho  ratlicle,  a  little 
above  the  apex,  is,  as  we  have  seen,  likewise  sensitive ; 
and  this  sensitiveness  causes  the  radicle  to  bend  like  a 
tendril  towards  the  touching  object,  so  that  as  it  rubs 
over  the  edge  of  nn  obstacle,  it  wiil  bend  downwards  ; 
and  the  curvature  thus  induced  is  abrupt,  in  which 
respect  it  differs  from  that  caused  by  the  irritation  of 
one  side  of  the  tip.  This  downward  bending  coincides 
•with  that  due  to  geotropism,  and  both  will  cause  the 
n>ot  to  resume  its  original  course. 

As  radicles  perceive  an  excess  of  moisture  iu  the  air 
on  one  side  and  bend  towards  this  side,  we  may  infer 
that  they  will  act  in  the  same  manner  with  resprct  to 
moisture  Jn  the  earth.    The  sensitiveness  to  moistiir* 
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resides  in  the  tip,  which  dctcnnines  the  bonding  of 
tlie  upper  part.  This  capacity  perhaps  partly  accountd 
tor  the  extent  to  which  drain-pipes  often  become 
citoked  with  roots. 

Considering  the  several  facts  given  in  this  chapter, 
VG  see  that  the  course  followed  by  a  root  through 
die  soil  is  goverued  by  extraordinarily  complex  and 
(]  i  versified  agencies, — by  geotropism  actin  g  in  a 
different  manner  on  the  primary,  secondary,  and  ter- 
tiary radicles, — by  sensitiveness  to  contact,  different  in 
kind  in  the  apex  and  in  the  part  immediately  above 
the  apex,  and  apparently  by  sonsiiiveness  to  the 
varying  dampness  of  different  parts  of  the  soil. 
These  several  stimuli  to  movement  are  all  more 
powerful  than  geotropism,  when  this  acta  obliquely 
on  a  radicle,  which  has  been  deflected  from  its  perpen- 
dicular downward  course.  The  roots,  moreover,  of 
most  plants  are  excited  by  light  to  bend  either  to  or 
from  it ;  but  as  roots  are  not  naturally  exposed  to  the 
light  it  is  doubtful  whether  this  sensitiveness,  which  is 
perhaps  only  the  indirect  result  of  the  radicles  Deing 
highly  sensitive  to  other  stimuli,  is  of  any  service  to 
the  plant.  The  direction  which  the  apex  takes  at  each 
successive  period  of  t!ie  growth  of  a  root,  altiroately 
determines  its  whole  course ;  it  is  therefore  highly 
important  that  the  apes  should  pursue  from  the  lirst 
the  most  advantageous  direction  ;  and  we  can  thus 
understand  why  sensitiveness  to  geotropism,  to  contact 
and  to  moisture,  all  reside  in  the  tip,  and  why  the  tip 
determines  the  upper  growing  part  to  bend  eitlier 
from  or  to  the  exciting  cause,  A  radicle  may  be 
compared  with  a  burrowing  animal  such  as  a  mole, 
which  wishes  to  penetrate  perpendicJarly  down  into 
Ih©  ground.  By  continually  moving  his  head  from 
lide  to  side,  or  circumnutaling,  ho  will  feel  any  stone 
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or  other  obstacle,  as  well  as  any  difterence  in  the 
hardness  of  the  soil,  and  he  will  turn  from  that  side ; 
if  the  earth  is  damper  on  one  than  on  the  other  side 
he  will  turn  thitherward  as  a  better  hunting-ground. 
Nevertheless,  after  each  interruption,  guided  by  the 
gcnse  of  gravity,  he  will  be  able  to  recover  his  down- 
ward course  and  to  burrow  to  a  greater  depth. 
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CHAPTER  IV. 

Tub  CiBCUKjnJTAnsQ  MovEMtjrre  or  tbe  bsteha.  pabts  op 

ItlATIRB   PlANTH. 

CJKumDUtation  or  stnms :  cnni-iudiiig  remarks  nn-Cimininittatioii  ot 
itoliins:  Kill  tliua  affurik-d  in  winditi^;  amongst  the  sU  uis  of  sui^ 
Diunding  plantii — Cticuuinutittion uFflower-BhiUd — Circutmiutuiion 
of  Dit-otylidtinoua  leaven— Siuvuiur  twoillHlfiry  iiriVMiient  of  leaves 
of  DioDiBti— Leavcaof  Cminabis  wnk  at  nigbt^ — Lcfivi'tt  of  Gyninrn 
tpt-Tina — Of  MuancotvIidoiia^Cryptogame — Concluding  trtiiaikn 
ua  th«  circumDiit  ■'.i.u  ot  l<^vc»  :  giniraLly  ti&c  in  tlie  uvinhig  aiitl 
slDk  in  tiiu  oinrning. 

We  have  seen  in  the  fii'Kt  diajiter  tliat  tbe  steins  of  all 
iie€<Ilings,  whether  hypocotyls  or  epicotyls,  as  well  us 
tiic  cotyledons  and  the  radicles,  are  conliniiuUy  cir- 
cumnutatlug — that  is,  they  grow  first  on  one  gide  and 
then  on  another,  such  growth  being  probably  preceded 
by  increased  tlirgescence  of  the  cells.  As  it  wiia 
nnlikely  that  plants  should  change  their  nmnner  of 
growth  with  advancing  age,  it  seemed  probable  thai 
the  various  organs  of  all  plants  at  all  ages,  as  long  as 
they  continued  to  grow,  would  be  found  to  circum- 
nut^te,  though  perhaps  to  an  extremely  small  extent. 
As  it  was  important  for  us  to  discover  whether  this 
»a»  the  case,  we  determined  to  observe  carefully  a 
certain  number  of  plants  which  were  growing  vigor- 
ously, and  which  were  not  known  to  move  in  any 
nmnner.  We  commenced  with  stems.  Observations 
of  this  kind  are  tedious,  and  it  apjx^ared  to  us  that  it 
would  be  sufficient  to  observe  the  stems  in  abaut  a 
•Ofire  of  genera,  belonging  to  widely  distinct  familioa 
wd  inhabitants  of  various  countriea.     Several  plants 
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were  selected  which,  from  being  woody,  or  for  othez 
reasous,  seemed  the  least  likely  to  circnmnutat-e.  The 
abaervations  and  the  diagrams  were  made  in  the 
manner  described  in  the  Introduction.  Phints  in  pots 
were  subjected  to  a  proper  tcmperaturo,  and  whilst 
being  observed,  were  kept  either  in  darkness  or  were 
leebly  illuminated  from  above.  They  are  arranged 
\n  the  order  adopted  by  Hooker  in  Le  Maout  and 
Decaisne's  *  System  of  Botany.'  The  number  of  the 
family  to  which  each  genus  belongs  is  appended,  as 
this  serves  to  show  the  place  of  each  in  the  scries. 

(L)  fberis  umheihia  (CruciferiB,  Fam.  14).— The  movoment  of 
Ihe  Bteiu  of  a  young  plant,  4  iuchcs  io  height,  coiiBistinK  of 
four  iuternodea  (the  hyi>ocotyl  included)  besides  a  largo  bud 

Fig  70. 


Ibcris  ftmheliata :  cireuindutation  cf  stem  of  young  plant,  traced  fn>m 
S.^tO  A.u,  S«pt.  I'Mh  ta  Hame  hour  on  I'ollDwing  moraiDg.  DUtoncs  uf 
summit  nf  stem  Iwueath  the  hortzcDtal  g!a.«  7-6  inche*.  Diat^r^m 
r?iiu*eil  to  hnW  of  original  size.  Movement  ns  hei-e  shown  magnlfie  I 
bctweeu  4  uad  &  times. 

on  the  summit,  was  tmfed,  oa  here  shown,  diirins:  24  h. 
(Fig.  70).  As  far  aa  we  could  judge  the  upponuost  inch  alone 
of  the  stem  cireuninutatGd,  and  this  in  a  simple  manner.  The 
raoToraent  was  bIow,  nnd  the  rate  very  unoqual  at  difi^ront 
limcf?.  In  part  of  its  eonrse  an  irregular  ellipse,  or  rather 
Iriiingle,  was  completed  in  6  h.  30  m. 

(2)  lirassirat'IerKcea  (^QrMc\(erm). — A  very  young  plant,  bearing 
three  leaves,  of  which  the  longest  was  only  three-quarters  of  an 
inch  in  length,  wsb  placed  under  a  microscope,  fumishod  wiih 
trn  eye-piece  micrometer   and  the  tip  of  tlie  lai^'st  leaf  wjia 
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bund  to  be  in  constant  moToment.  It  crossed  ^w.  iliriRiona  of 
tiie  mi(iromet*ir,  that  is,  i-inth  of  an  inah,  in  6  ni.  *20  s.  There 
Cfmid  hurdly  be  a  doubt  tliat  it  was  tlie  stem  which  chiefly 
moved,  for  the  tip  did  nut  get  quickly  out  of  focus;  aud  thiti 
would  have  occurred  bod  the  movement  been  conftn&i  to  the 
leaf,  which  moves  up  or  down  in  nearly  Iho  same  vortical  piano. 

(3.)  Li'ium  usitatiseijnum  (Lin(m,Vfim.3d ;. — The  stems  of  this 
plant,  shortly  before  the  flowering  periixl,  are  stated  by  FrilR 
Uiitler  ('  Jenaische  Zeitticbrift/  B.  v.  p.  137)  to  revotvo,  or 
eircnmnutate. 

(4.)  FeUirnoniuin  vmala  (Gcraniacom,  Fara.  47). — A  young 
plant,  ti  inches  in  height,  was  observed  in  the  usual  manner; 
but,  in  order  to  see  the  bead  at  the  end  of  the  glass  filament 
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^H  PihriTonimm  Momh:  cireumDQtatioQ  of  stem  of  yuuo^  plAaL,  fccLly  itlu- 

^H  mluHtsd   frum  above.     Muwmtiul  of  bend   mngnitieil   nbout   11  times; 

^H  irnct^  on  ft  horizontal   glosj  frctni    aooo  dd  M.irt:h    Oth   to  8  A.u.  oa 

■  the  1  Uh. 

^^  and  at  the  same  lime  the  mark  beneath,  it  was  DeccBSiry  to  cut 
off  three  leaves  on  one  side.  We  do  not  know  who' her  it  was 
owing  to  this  cause,  or  to  the  plant  having  previouf-ly  become 
Itent  to  one  side  through  hcliotropiam,  but  from  the  morning  of 
Uie  7th  of  March  to  10.30  p.sl  on  the  8th,  the  stem  moved 

I  It  omBiderable  distance  in  a  zigzag  line  in  the  same  general 
rlireetion.  During  the  night  of  the  8th  it  niove*i  to  some 
distance  at  right  angles  to  lis  former  course,  and  next  morning 
(9th)  stood  fur  a  time  almost  Rtill.  At  noon  on  the  9th  a  new 
tracing  was  begun  (see  Fig.  71),  which  was  continned  till  8  a.m. 
on  the  11th.  Between  noon  on  the  9th  and  5  p.m.  on  the  10th 
(i.0.  in  the  conrse  of  29  b.),  the  stem  described  a  circle.  This 
plant  therefore  circun mutates,  but  &t  a  very  slow  rate,  and  to  a 
small  extent. 

(5.)  Tropceolum  majtu  (?)  (dwarfed  var.  called  Tom  Thumb); 
(Ooraniacen,  Fam.  17). — Tlic  species  of  this  genus  climb  by  the 
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ud  of  their  sensitive  petioles,  but  some  of  them  also  twim 
round  supporls;  but  even  these  latter  species  do  not  begin  to 
oircumnutato  in  a  conspicnooa  inauner  whilst  yount;.      Che 


Fig.  72, 


""^»-., 


i 


TroBOoium  m'tjws{7):  circumuutittiitn  of  s^tcin  of  j'ouag  plnst,  tmceJ  oq  i 
^orizoalikl  glass  fiMrei  9  A.M.  D«c.  '2&th  to  10  A.M.  oa  2Tth.  Movornvnl 
of  bc]\d  mni;i)itic<l  ubauL  5  time:!,  and  licre  reduced  to  half  of  origiital 

Tariety  here  trcato  I  of  has  a  rather  thick  fltom,  nnd  is  bo  d\viirf 
that  apparently  it  does  not  climb  in  any  manner.  We  Ihero- 
Ibre  wiehcd  to  ascertain  whether  the  atem  of  a  young  plant, 

consisting    of    two    in- 
■^^-'^  tcmodea,  together    3  2 

iuchea  in  height,  cir- 
cumnutated.  It  was 
observed  during  25  h., 
and  we  see  in  Fig.  7*2 
that  tho  stem  moved  in 
a  zigzag  course,  indicat- 
ing circumnutation. 

(6.)  Tti/vliuvi  leitfipi- 
rutli'Tn  (LcgumiuoEn). 
Fom.  75). —  When  wo 
treat  of  the  .'loep  of 
plants,  we  ehall  see  thnt 
the  stems  in  scvemi 
Leguminous  genera,  for 
institnce,  those  of  Uedy- 
Burum,  Mimoea,  MeU- 
lotua,  &c.,  which  are  not 
climbers,  circnmnntata 
in  a  conspicuons  manner. 
Wo  will  hero  give  only  a  fringTe  instance  (Fig.  73),  s'lowing 
Hie  cboumnutation  of  the  stem  of  a  large  plant  of  a  clover. 
Trifolium  rctupirtaium.     In  the  oonrae  of  7  h.  the  stem  chasgod 


Ti-ifvlittm  rcS'pinain-n  ;  oircumDiiIatlcn  of 
at«m.  trncei!  r>n  vertical  g'ltM  ham  9.30 
A.M.  to  4.;tO  r.M.  Noi,*.  ^nl.  Trncing  noT 
greatly  mngnifio  t.  riiUiod  to  hnlf  of 
orieiiiat  size.  Plnat  feobly  ibumlnat*!! 
from  abort. 
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its  amrso  ^rcaily  eight  times  and  completed  three  irregTilar 
circles  or  ellipses.  It  theroforo  circiimnutaled  rapidljr.  Sonw 
of  Ihe  lines  run  at  right  angles  to  one  anolher. 

Fig.  7*. 

I8"bm  (hyboid) :  circnmDuUtlon  of  stcro^trnceJ  on  horironUt  gitun,  from 
4  p.H.    March  14th   to  8,30  a.ic,    [6th.     Tracing  much  injigaitted,  re- 
duced to  half  of  origitui  size.     Plant  illuminated  feebly  from  abore. 
(7.) 


(7.)  Rubits  idoeus  (hybrid)  (RoBacero,  Fain.  76). — As  we  hap- 


Fig.  76. 


pened  to  hare  a  young  plant,  11  inches 
in  heijrht  and  growing  vigorouKly, 
vhicli  had  been  raised  from  a  cross 
hetween  the  rasphorry  (/{ubun  vl<xus) 
and  a  North  American  Rubus,  it  was 
observed  in  the  usual  manner.  During 
the  morning  of  March  14th  the  stem 
ilmost  completed  a  circle,  and  then 
moved  far  to  the  right.  At  4  p.m.  it 
reversed  its  course,  nnd  now  a  fresh 
tracing  was  begun,  which  was  con- 
tinued daring  40S  h.,  and  is  given  in 
Pig.  74.  We  here  have  well-marked 
circummitation. 

(8.)  Deutzia  grwHit  (SaxifragcjB, 
Pam.  TI).--^  shoot  on  a  bush  about 
18  iucbes  in  height  was  obsorvcd.    The 

bead  changed  its  course  greatly  eleven  r>eutun  gr.,cni^ :  circnmnu- 
times    in   the   course   of   10  h.  30  m.      taUoo  of  •tem,  kvpt  in 
(Fig.    75),  and    there    could    be    no 
doubt  about  the  circiimnuUlion  of  the 
itteui. 

(9.)  Fuchsia  {gnenhouse  vat,  with 
large  flowers,  probably  a  hybrid)  (Onn- 
grariciB.  Fam.  100).— A  yonng  plant, 
16  inches  in  height,  was  observed  during   nearly  48  h.    Tli« 


dnrktiess,  traced  od  h^ri- 
tfintnl  gla^,  from  fl..SO 
A.M.  to  7  P.M.  March 'JOth. 
JIfiv«ni#Qi  of  bf-inl  ori^iik- 
;ill_v  mngnificd  abdiit  20 
litiit;*,  here  redutevl  to 
hoir  scale. 
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accompfcnyJDg  fifiure  (Fig.  76)  gives  the  nec«8sary  pftrtieulftm, 
BT.d   ehowB    tliat    the    Btem    circuninutatod,    tboDgb    rather 

Fig.  76. 


VStAHa  (jrnrdeD  mr,):  circiitn Data* ion  ofst^m,  kf\'t  in  Jftrkneas,  traceJ  ?0 
hohzoTitiil  glass,  frcm  8.30  A.M.  to  7  P.M.  Mai-cIi  20th.  Movemrat  (d 
b«ad  originally  magnified  about  40  timts,  here  rnluced  to  hulf  scale* 


(10.)  Cereus  Bp^riocissimua  (garden  Tar.,  sometimes  calli 
Phyllocnctua  nmltiflonis)  (Cactcffi,  Fara.  109).  —  This  plant 
which  wftfi  growing  vigorously  from  having  heen  removed  a 
few  dftys  before  from  the  greenhouse  to  the  hot-house,  was 
oljserved  with  ©Bpecial  interest,  as  it  seemGd  bo  little  probahle 
that  the  stem  would  cixcumnutafc  Tlie  branches  are  flat,  or 
flabelliform;  but  some  of  tliera  are  triaDgulor  in  section,  with 
the  three  sidee  hoJlowed  out.  A  branch  of  this  latter  Bhajio, 
9  inchcB  in  length  and  11  in  diameter,  was  chosen  for  otwerra- 
tion,  as  less  likely  to  circomQutato  than  a  flaheUiform  branch. 
The  moTomcnt  of  the  head  at  the  end  of  the  glass  filanieut, 
•fflxed  to  the  summit  of  the  branch,  was  traced  (A,  Fig.  77) 
from  9.23  a.m.  to  4.30  p.m.  on  Nov  23rd,  daring  which  time  it 
cbanged  its  course  greafly  six  times.  On  the  24th  another 
traciug  was  made  (see  B),  and  the  l>ead  on  this  day  chaugerl  its 
course  oftencr,  making  in  8  h.  what  may  be  considered  as  foar 
ellipses,  with  their  longer  axes  differently  dirootod.  The  position 
of  the  stem  and  its  commencing  course  on  the  f(^lowing 
morning  are  Ubewige  shown.  There  can  be  no  doubt  that  this 
hrauuh,  though  appearing  quite  rigid,  cirtmmnutatcd ;  but  the 
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tiinane  Amount  of  moTcmeDt  during  tlie  Ktne  wm  Tciy  small, 
|«obabtjr  rather  lera  Umu  the  ^th  or  an  inch. 

riR.  77. 


rJVmnf.St'^ 


i^so'pm. 


MJ.^ 


OlTM*  tpfcwdMimut :  clrcumnutntlnn  nf  silora,  Illumuiatwl  from  aliura, 
trmta  on  a  horizDutal  glass,  in  A  fioiii  9  A.H.  tu  4.30  iMi.  uo  Nor. 
2:ir<l;  nii<l  in  B  frvm  B.30  AM.  <m  tho  24tb  to  8  a.U.  oa  Iha  2&th. 
Moreiiictit  of  th«  beaJ  itt  &  naaguilied  about  38  Umtm. 

(11.)  XM*ra  V//x  (AraliacetG,  Fam.  114).— The  stem  is  known 
to  bo  apholiotropiCj  mid  buvuiuI  BuLM^lings  gruwliig  in  a  pot  in 
the  grwjnhndfio  became  l>ent  in  the  midiile  of  tlio  sumnitr  at 
right  angles  ficna  tbe  light.  Oo  Sept  2q<1  some  of  theec  sUims 
were  tied  np  so  as  to  etand  vurlically,  and  were  placed  before 
a  north-eaat  window;  but  to  our  eurpriso  they  were  now 
decidedly  heliotropic,  for  during  4  dayii  they  currod  thoni- 
Belves  toworda  the  light,  and  their  conrso  being  traced  on  a 
horizontal  glass,  was  strongly  zigzag.  During  the  0  succcoi- 
ing  days  thc-y  circumnntatttd  over  the  same  Rnmll  sj^ace  at  a 
slow  rat«,  but  there  could  be  no  doubt  ahout  their  circumniiln- 
tion.  The  plants  were  kept  exac-tly  in  the  siune  pince  before  the 
window,  and  after  an  int^r^al  of  15  days  the  sterna  were 
again  observed  during  2  d;iys  uiid  Ihcir  raovemouts  traced,  nud 
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they  were  fonml  to  be  still  circamnutating,  bnt  on  a  yet  sinaller 
scale. 

(12.)  OaxnTiif,  nnj/ens  (ComiMidtre,  Fam.  122).— The  circtnn- 
Tiutation  of  tlie  stem  of  a  young  plant,  7  inchna  in  height,  aa 
measured  to  the  tip  of  the  liigliest  leaf,  was  traced  during 
83  U.,  aad  is  ehown  in  the  accompauying  figure  (Fig.  78).    Twq 


Gatania  rin.ens;  circuiimututiun  of  stem  Ci-ared  from  9  a.m.  Mnrrh  21xt 
Co  ty  P.M.  OQ  22utl;  pli^t  kept  in  darkness.  MoTcmcnl  or  Lead  nt  th« 
close  of  the  ob^Grvatioas  ciagnitit-J  34  titnei,  li«re  reduced  to  half  tha 
origioal  soile. 

main  lines  may  be  oliBerved  running  ai  nearly  right  angles  to 
two  other  njaia  tines;    but  these  are  ioterrupted  by  small 

loOIK. 

(13.)  Avilm  fndica  (Ericintffi,  Fnin.  128). — A  bush  21  inches 
in  height  was  selected  for  obBervation,  and  the  circunmutation 
of  its  leading  shoot  was  irncod  during  25  h.  40  m.,  aa  ehown 
in  the  following  figure  (Fig.  79). 

(14.)  PUimha^o  O'jperv-is  (Phimbagincie,  Fam.  134).— A  Rtnall 
lateral  branch  which  projected  from  a  tall  freely  growing  bush, 
at  an  angle  of  30**  aboYO  the  horizon,  was  selected  for  obser- 
vrition.  For  the  firKt  11  h.  it  moved  to  a  considerable  distance 
in  A  nearly  straight  line  to  one  side,  owing  probably  to  ita 
having  l)een  previously  deflected  by  the  tight  whilst  standing  in 
the  grocnhouse.  At  7.20  p.m.  on  March  7th  a  fresh  tracing  woa 
liegnn  and  continued  for  the  next  43  h.  40  ra.  (see  Fig.  80). 
During  the  first  2  li.  it  followed  nearly  the  same  direction  na 
Iwforo.  and  then  changed  it  a  little;  during  the  night  it 
moved  at  nearly  right  angles  to  its  preTions  course.    Ned 
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day  (8th)  it  zif^zjigged  ffreatly,  and  on  the  9th  movod  iiregti- 
lariy  round  and  round  a  HmuU  drcular  apooo.  Hy  3  P.x.  on 
llie  9th  th«  figure  hud  become  so  complicated  that  no  more  dote 
wuld  Ihs  made;  but  the  shoot  eontiuucd  during  t!ie  evening  nf 
the  Uth.  the  whole  of  the  10th,  and  the  morning  of  the  llth  to 


Pit  79, 


Atalea  Indioa:  ciTctimtiDtAtioD 
of  stem,  illaminntwl  fntin 
aboTe,  tr»iL*ed  en  horianntnl 
glius,  frotn  9.30  a.tjl.  Mux-h 
9thLol-i.tO  r.u.  <>iiilic  It>th. 
I^ut  on  the  moraing  of  tlifl 
10th  only  four  dots  ware 
niulfl  between  B.'Mi  A.M. 
nod  12.10  PJt.,  both  hours 
JDrluileil,  so  thnt  the  ctrcum- 
niitatioQ  ifi  nut  Mt\j  reprc- 
sente-1  In  thin  \mrt  of  the 
di'igrnm.  Morement  of  the 
b^ail  b«r«  nvigaiiicd  about 
30  timm. 


Pig.  80. 


Plum^iijo  CapnuiiJt :  clrcnmnii- 
tntion  of  tip  of  a  lateral 
branch,  tmced  ou  hortzuntnl 
fClnsH,  from  7.20  P.n.  oa 
March  7  th  to  3  r.si.  on  t)i« 
9th.  Klovcmcnt  of  btatl 
niap]i(iei.i  1.1  tirnM.  Plant 
fceUy  {llnininatetl  from 
■bore. 


^ircumnutate  over  the  same  small  space,  which  was  only  aliont 
the  ^th  of  an  inch  (*97  mm.)  in  diameter.  Although  this 
branch  circumnutated  to  a  very  small  extent,  yet  it  changed  its 
coarse  frequently.  The  movements  onght  to  have  been  more 
magnified. 

(15.)  Alot/si'i  citriodora  nTerbennccre,  Fom.  173).— The  follow- 
ing flgoro  (Fig.  81)  giT6&  the  movements  of  a  shoot  during 
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3L  h.  40  m.,  and  shovs  that  it  circnmnutaled.   The  haoh  vq 
15  iiichos  in  height 

Fig.  81. 


Alo-jsia  cit^odui-a  .•  ciruumaalation  oj'  !»tem,  traced  from  8  20  A.ii.  oo  MAmb 
'i'iod  to  4  P.M.  on  23ril     Plaot  k«pt  ia  diu-kaeii.     MoTemuut  raagai6ed_ 
about  40  times.  "" 

(16.)  Veibena  melindrex  (?)(a  Bcarlet-fiowereJ  hcrhaoeous  varj 
(Verbonaceae).— A  ahoot  8  inches  in  height  hud  been  laid  hori- 
zontally, for  iho  sake  of  observing  its  aiiogootropism,  and  tli6 
tormiual  portion  had  grown  vertically  upwards  for  a  length  of 
li  inchea.     A  glass  filiimeut,  with  a  bead  at  the  end,  was  llxod 


!a?*.7* 


Ki::.  S2. 


STdfffM.^ 


Te'^aa  mitnd  c:  circtimnutailoa  of  stem  id  diirl(tn>«»,  traoeil  on  rvrHeal 
■lua,  from  5. 10  p.m.  .>n  June  5th  to  11  A.M.  Jljqs  7th.  Movement  of 
baiM  ina|;iiiti«d  9  times, 

upright  to  the  tip^  and  its  movomcntR  wore  traced  darins 
il  h.  30  m.  on  a  vertical  glass  (Fig.  82).  Und«r  these  dromn- 
atances  tbe  lateral  uiovetncnta  were  cbicfly  shown;  but  as  the 
lines  from  sido  to  side  ate  uot  on  thi-  same  level,  the  shoot 
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must  have  moved  in  ii  plane  at  right  angles  to  that  of  tho  lalorat 
movomeut,  that  is,  it  iiinal  have  circumrmtaied.  On  tho  nrxt  day 
(6th)  the  shoot  moved  in  the  coarse  of  16  h.  four  tiues  to  tlie  right, 
and  fonr  times  to  the  left;  and  this  apparently  rcpreflenta  the 
formation  of  four  ellipses,  so  that  each  was  completed  in  4  h. 

(17.)  Veratophyllum  demersnm  (Coralophylleaj,  Fam.  StiiO). — An 
inteniBting  account  of  the  morcmcnts  oi  tho  stem  of  tliis  water- 
plant  has  been  published  by  M.E.  Rodicr.*  The  movemontH  are 
confined  to  the  young  interni:>de8,  becoming  less  ami  less  lower 
down  the  Btem ;  and  they  are  extraordinary  from  their  aniptitnde. 
The  stems  eomotimo^  moved  through  an  angle  of  above  2'jO^  in 
6  li.,  and  in  one  instanco  tlirough  220"*  in  3  h.  They  generally 
bent  from  right  to  left  in  the  morning,  and  in  an  opposite  direc- 
tion in  the  afternoon  ;  but  the  movement  was  sometimes  tempo- 
rarily reversed  or  quite  arrested.  It  was  not  affected  by  light. 
It  does  not  apjiear  that  M.  Kodier  made  any  diagram  on  a  hori- 
zontal plane  representing  tbe  actual  courne  pursued  by  tlie 
apex,  bit  he  speaks  of  the  "  bnincht's  executing  round  their 
axes  of  growth  a  movement  of  torsion."  From  the  particnlars 
above  given,  and  rememlx'ring  in  the  case  of  twining  plants  and 
of  tendrils,  how  difficult  it  is  not  to  mistake  their  bending  to  all 
points  of  the  compass  for  true  torsion,  we  are  led  to  l>elieve  that 
the  stems  of  this  Ceratophylluni  circumniitate,  probably  in  the 
shape  of  narrow  ellipses,  eauh  completed  in  about  26  b.  The 
following  statement,  however,  seems  to  indicate  something 
different  from  oi-dinary  circnmnutation,  but  we  cjinnot  fully 
understand  it  M.  Rodifj  says:  "11  efit  alor.s  facile  de  voir  que 
Ic  mouvemeut  de  flexion  se  pro<lait  d'abord  dans  les  m(5fithalJeB 
snperieurs,  qu'il  so  propage  ensuU^,  en  s'ftuioindrissant  du  Ivtui 
en  Aoa;  tandis  qn'au  contraire  le  monvcniont  do  ndressfrnttit 
commence  par  la  ]mrtie  inferioure  pour  se  terminer  h  la  partie 
anp^rioure  qui,  quolqnt-fois,  pen  de  tempa  avunt  de  so  rclcver 
toat  ^  fait,  forme  avec  I'axe  un  angle  tres  aigu." 

(18)  Cuni/i-.rm. — Dr.  Maxwell  Masters  statea  (*  Journal  Linn 
8i»c.,'  Doc.  2nd,  1879)  that  the  leading  shoots  of  many  Ooniferas 
ilurmg  the  season  of  their  active  growth  exhibit  very  remark- 
alilc  mnvements  of  revolving  nutation,  that  is,  they  circumnii- 
tate. We  mny  feel  sure  that  the  lateral  Khoolt?  whilst  growing 
wonld  exliibit  the  same  movement  if  carefully  observed. 


"  'Omptefl   Rendoa,'    April  SOth.    1S77.      Also   a   socnnd    nutiot 
publiHhed  8e|tarRt«ty  in  Douidiaux,  Nov.  12th,  1P77. 


312  CIBCUMKUTATION  OF  STEMS.  Cuap.  IV 

(19.)  Liiium  auratum  (Tarn.  Liliacese). — Tlie  ciioamauUtioo 
Fig.  S3. 


^33'ttJn.W^ 


1 


5SP* 


ffantM* 


Lilinni  tmr^tun :  circuiiiDuUtion  of  &  iteTii  in  Jarkneiis,  traced  on  a  hoTizontal 
gliisi,  ri-oin  8  A.M.  on  Miirch  14Lh  to  &.35  k.V-  an  I6th.  But  it  should 
be  noted  thtt  nur  ohserrationa  were  iDterrupted  between  6  p.m.  on  tha 
I4th  nad  12.15  P.u.  on  l.'>th,  nnri  the  movements  duiing  this  iatcrval 
oF  18  h.  15  m.  nre  ntproKated  by  a  long  brokua  lias.  Diagram  reduced 
to  hnlf  origLQal  scnle. 

of  the  stem  of  a  plant  21  inches  in  height  is  represented  iu  the 
above  figure  (Fig.  83). 

Fig.  ^8. 


Ctfp^rvs  rtltemifohfu :  circum nutation  of  stem,  illumiiutfid  frooa  abora, 
tra<»il  on  hnrizonial  gloss,  from  9.45  A. V.  March  9th  to  9  P.M.  oa  1 0th 
Tk»  (tern  grew  BO  rapidly  whilst  being  observed,  that  it  waa  not  poMibIt 
to  astimate  how  much  its  movetoeuts  wer«  magnified  In  the  tntcmg. 


(90.)    Cr/p'Ttu    altern  i/oliua    (Fam.    Cypemcete.)  —  A    gla^ 
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filament,  with  a  bead  at  tho  end,  was  fixed  across  the  snmmit 
of  a  young  stem  10  inches  in  height,  cIcmw  heneiith  tho  crown  of 
elongated  leaves.  Ou  Huroh  8th,  lietwoen  12.20  and  7.20  p.m., 
the  stem  described  an  ellipse,  open  at  one  end.  On  the  follow- 
ing day  a  new  tracing  was  begnn  (Fig.  84),  which  plainly  shows 
that  the  stem  completed  three  irrcgntar  figures  in  the  course  of 
33  h.  15  m. 


Concltidin<^  Remarks  on  the  Circumnuiation  of  Sterna. — 
Any  oue  who  will  inspect  the  diagrams  now  given,  and 
will  bear  in  mind  the  widely  separated  position  of  the 
plants  described  in  the  series,— remembering  Ihat  we 
have  good  grounds  for  the  belief  that  the  hypucutyls 
and  epicutyls  of  all  soedllnga  circumnutate,— nut 
forgetting  the  number  of  plants  distributed  in  tho 
most  distinct  families  which  climb  by  a  similar  move- 
ment,— will  probably  admit  that  the  growing  stems 
of  all  plants,  if  carefully  observed,  would  be  found 
to  circumnutate  to  a  greater  or  less  extent.  When 
we  treat  of  the  sleep  and  other  movements  of  plants, 
many  other  cases  of  circumnutating  stems  will  be 
incidentally  given.  In  looking  at  the  diagrams,  mo 
should  remember  that  the  stems  were  always  growing, 
BO  that  in  each  case  the  circumnutating  apex  as  it 
rose  will  have  described  a  spire  of  some  kind.  The 
dots  were  made  on  the  glasses  generally  at  inter\'al3 
of  an  hour,  or  hour  and  a  half,  and  were  then  joined 
by  straight  lines.  If  they  had  been  made  at  intervals 
of  2  or  3  minutes,  the  lines  would  have  been  more 
curvilinear,  as  in  the  case  of  the  tracks  left  on  the 
smoked  glass-plates  by  the  tips  of  the  circumnutating 
radicles  of  seedling  plants.  The  diagrams  generally 
approach  in  form  to  a  succession  of  more  or  less 
irregular  ellipses  or  ovals,  with  their  longer  axes 
directed  to  different  points  of  the  compass  during  the 
Bamo  day  or  on  succeeding  days.     The   stems  thero* 
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fore,  sooner  or  later,  bend  to  all  aides;  but  after  a 
stem  haa  bent  in  any  one  directian,  it  coniuiouly 
bonds  back  at  firet  in  nearly,  tliough  not  quite,  the 
opposite  direotion  ;  and  tbis  gives  tbo  tendency  to 
the  formation  of  ellipses,  which  are  generally  narniw, 
but  not  so  narrow  as  those  described  by  stolons  and 
leaves.  On  the  otiicr  hand,  the  figures  sometimes 
approach  in  shape  to  circles.  Whatever  the  figure 
may  be,  the  course  pursued  is  often  internipted  by 
zigzags,  small  triangles,  loops,  or  ellipses.  A  stem 
may  describe  a  single  large  ellipse  one  day,  and 
two  on  the  next.  With  different  plants  the  com- 
plexity, rate,  and  amount  of  movement  differs 
much.  The  stems,  for  instance,  of  Iberis  and  Azalea 
described  only  a  single  large  ellipse  in  24  h. ; 
whereas  those  of  the  Deutzia  made  four  or  five  deep 
zigzags  or  narrow  ellipses  in  11^  h.,  and  those  of  the 
Trifoliuna  three  triangular  or  quadrilateral  figures 
in7  1i. 


CmCUMNUTATION   OF   StOLONS  OR  RuNNEES. 

Stolons  consist  of  much  elongated,  flexible  branches, 
which  run  along  the  surface  of  the  ground  and  form 
roots  at  a  distance  from  the  parent*plant.  They  are 
therefore  of  the  same  homological  nature  as  stems ; 
and  the  three  following  cases  may  be  added  to  the 
twenty  previously  given  cases. 

Fra'jarvi  (cultivated  garden  Tar.):  ffoMo^s:— A  plant  growing 
m  A  {X»t  had  6nutt«d  a  loug  etolnn ;  this  was  supported  by  a 
stick,  BO  that  it  projocted  for  the  length  of  several  inches  hori- 
zontally. A  glass  filament  bearing  two  minute  triangloa  of 
paper  was  affixed  to  the  tenuinal  bud,  which  was  a  little  ui>- 
tiimcd ;  and  its  movemoniB  were  traced  during  21  h,,  ba  shown 
in  Fig.  85.  In  the  coiir^  of  the  first  12  h.  it  moved  twice  up 
and  twice  down  in  somewhat  zigzag  lines,  and  no  doubt  tra- 
relied  in  the  same  mauner  during  the  nrght.    On  the  following 


Fniga  -ia :  ai-cumnutation  of  etulun,   kppt  in  lUrkoess,  tmcvd  mi  rertieal* 
flAss,  from  10.45  i.M.  Miij  18th  to  7.45  A.H.  oa  19ih. 

■cted  on  within  this  time  by  geotropism;*  nor  had  its  own 
weight  caused  it  to  bend  downwards. 
On  the  following  morning  (lOth)  the  glass  filament  was 
I4etached  and  refixed  close  behind  the  hnd,  aa  it  appeared  poe- 
lible  that  the  circumnutation  of  the  terminal  bud  and  of  the 
adjoining  part  of  the  stolon  might  be  different.  The  movement 
*U8  now  traced,  during  two  consecutiTe  days  (Fig.  86).  During 
'  the  first  day  the  filament  traTclIcd  in  the  course  of  14 h.  30  m. 
I  tTe  times  np  and  four  times  down,  besides  some  lateral  move- 
I  ment.  On  the  20th  the  course  was  even  more  complicated,  and 
f  nm  hardly  be  followed  in  tho  figure ;  bnt  the  filament  moved  in 
^^  16  h.  at  least  five  times  up  and  five  times  down,  with  very  little 


•  Dr.  A.  B.  Fmnk  atntw  ('  Die 
Nfttarliolie  waR'Techto  itichtunu 
von  Pflanzcnth.  ilen.'  1S70.  p.  20) 
Uiat  Ute  Bloloiu  of  Uiia  plant  uru 
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s/cXeA  oti  by  ^r^i^'i^pisni,  but  only 
after  n  cousiJurublu  iittorviJ  n 
time. 
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latoraL  defection.  The  first  and  last  dots  made  on  thi;;  aeoond 
day»  viz.,  at  7  a.m.  and  11  p.m.,  were  cloee  together,  showiog 
that  tlie  etoloa  had  not  fallen  or  rificn.    NcTerthele&s,  by  ooia> 

paring    its    position    on 
^'K-  S®'  the  morning  of  the  lyth 

and  21st^  it  is  obvinu* 
that  the  stolon  had  sunk; 
and  this  may  be  atlri- 
bnted  to  slow  bending 
down  either  from  its  own 
weight  or  &om  geotro- 
pism. 

During  a  part  of  the  20th 
an  orthogonal  tracing  was 
made  by  applying  a  cube 
of  wood  to  tlie  vertical 
glafiR  and  bringing  the 
apex  of  the  stolon  at  snc- 
cossive  periods  into  a  line 
with  one  edge;  a  dot 
being  Tnade  each  time  on 
the  glass.  This  tracing 
therefore  represented  very 
nearly  the  actual  amount 
of  movement  of  the  apex; 
and  in  the  oonrse  of  9  h. 
the  dJHtance  of  tho  ex- 
treme dots  from  one  an- 
otlier  wag  '45  inch.  By 
the  same  method  it  was 
ascertained  that  tlie  apex 
moved  lietween  7  a.m.  on 
S'a.m.*/^  the  2(Jth  and  8  a.m.  on  the 
F'.igiria  :  cirtumnutatton  cCthPsnmc  ftclon  2l8t  a  distance  of '82  inch. 
M  in  the  l«t  f.t,'ur«,obMrT«a  It.  the  wnia      ^  youngor  and  Shorter 

stolon  was  supported  so 
that  it  projected  at  about 
■45'=  above  the  horizon,  and  its  movement  was  traced  by  the 
Bame  orthf>gnn«l  method.  On  tho  first  day  the  apex  soon 
io«50  above  the  field  of  vision.  By  the  next  morning  it  had 
*unkf  and  the  conrw)  puraned  was  now  traced  during  14  h. 
30  m.  (Fig.  87).    The  amount  of  movement  was  almost  the  same. 


mnaner,  nnd  triiL-otl  (rota  8  A.M.  Hay  I9th 
to  a  A.H.  21it. 
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from  side  to  side  as  up  and  down;  aod  dlflbred  In  this  respect 
remarkably  from  tbe  movmnent  in  the  previouB  cases.  Burmg 
the  lati«r  part  of  the  day,  viz.,  between  3  and  10^  km.,  the 


Kig.  87. 


jr/o'am.sa^ 


«X! 


*TSO'jo.m 


^ffCLM. 


Pi-Offtf^it  circuniDutaticn  of  another   nnd  jnunfcer  fitolon,  trnced  Arou 
8  A-K.  to  10.30  P^.     Figui-e  reduced  Ut  opc-luilf  of  original  »c.-\I«. 

actual  distance  travelled  by  the  apex  amounted  to  1'15  inch ; 
and  in  the  cotireo  of  the  whole  day  to  at  letist  2-67  inch.  Tliia 
is  an  amonat  of  moTemcnt  almost  compamblo  with  that  of 
BOine  climbing  plants.  The  same  stolon  was  observed  on  th« 
following  tlay,  and  now  it  moved  in  a  eomewhat  less  complex 
manaer,  in  a  plane  not  far  from  vertical.  The  extreme  amonnl 
of  actual  movomont  was  Vbo  inch  in  one  direction,  and  '6  inch 
io  another  direction  at  right  angles.  Bnring  neither  of  thoso 
days  did  the  stolon  bend  downwards  through  geotropism  or  its 
own  weight. 

Four  stolona  stJII  attached  to  the  plant  were  hud  on  damp 
Band  in  the  back  of  a  room,  with  their  tips  facing  the  north-east 
windows.  They  were  thus  placed  l>ecaus6  De  Vries  says*  that 
they  arc  apheliotropic  when  exposed  to  the  light  of  the  snn  ;  but 
We  could  not  perceive  any  effect  from  the  ulx>ve  feeble  degree  of 
iUoniinaiion.  We  may  add  that  on  another  occatdon,  late  in  the 
numnor,  some  stolons,  placed  upri^^ht  Itofurea  south-west  window 


•  '  Arbeitea  Dot.  loat.,  Wdrsburg:;  ir2,  p.  4M. 
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on  a  cloudy  day,  became  distincUy  curved  towards  the  light,  and 
were  therefore  heliotropic  Close  in  fi-ont  of  tlie  tips  of  tha 
prostrate  Htolons,  a  crowd  of  rery  thin  sticks  and  the  dried 
liaulmB  of  grasses  were  tlriTeTi  into  tlie  fiaiid,  to  reprefient  the 
crowded  stemfc  of  surrounding  plants  in  a  Rfato  of  nature.  This 
■was  done  for  the  sake  of  observiag  how  the  growing  Ktoloiia 
would  pass  through  them.  Tl:ey  did  so  easily  in  the  course  of 
G  days,  and  their  circumnutation  apparently  facilitabt^d  tlieir 
passage.  When  the  tips  encountered  sticks  so  close  together 
that  they  could  not  pass  between  thoiu,  they  rose  up  and  pORhied 
over  them.  The  sticke  and  haulms  were  removed  after  the 
passage  of  the  four  stolons,  two  of  wliich  were  found  to  have 
assumed  a  pennaueutly  einuous  shape,  and  two  were  sti'l 
straight.    But  to  this  subject  we  &hall  recur  under  Saxifrj^'a. 

Saxi/'-aya  mrintntosa  (Saxifragcte).^A  plant  in  a  suBpended 
pot  had  emitted  long  branched  Btolons,  wliich  depended  like 


Kg.  88. 


•^ 


f.trTTU'nioS'.t :  oircuninutatmo  of  «n    Inclined  stnlnii,   trnCMl    lo 
«  00  a  horizontal   glau,  frum  7.4.'^  A.M.  ^piil  IDth  lo  9  A.U.  on 
MoTement  ofead  of  itoloL  magmlled  ^'2  timcA. 


threndR  on  all  sides.  Two  were  tied  up  so  as  to  stand  Tcrtically. 
anfi  their  upper  ends  became  gradually  bent  downwards,  but  so 
Blowly  in  the  course  of  several  days,  that  the  bending  was  pro- 
bably due  to  their  weight  and  not  to  geotropism.  A  glass  Ali- 
ment with  little  triangles  of  paper  was  fixed  to  the  end  of  one  of 
these  stolons,  which  was  17J  inches  in  length,  and  had  already 
become  much  bent  down,  but  still  projected  at  a  considerable 
angle  above  the  horizon.  It  moved  only  aUghtly  three  tiraee 
from  aidu  to  aide  and  then   upwards ;  on  the  following  day 


^ 
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the  aioTcmcnt  was  oven  Ices.  As  this  stolon  was  so  long  we 
thought  that  it«  growth  was  nearly  completed,  bo  we  tried 
another  which  woa  thicker  and  shorter,  viz.,  \Q\  incites  in  length. 
It  moved  greatly,  chiefly  QpwaniK,  and  changed  its  conrKe  five 
times  in  the  course  of  the  day.  During  the  night  it  curved  ac 
mudi  upwards  in  opposition  to  gravity,  that  the  movement 
could  uu  longer  be  traced  on  the  vertical  glass,  and  a  horizontul 
une  had  to  lie  used.  The  movement  wna  followed  during  the 
next  25  li.,  as  shown  in  Fig.  88.  Three  irregular  ellipeea.  with 
their  longer  axes  somewhat  difTerently  directed,  were  ulmost 
completed  in  the  first  15  h.  The  extreme  actual  amount  of 
movement  of  the  tip  during  the  25  h.  watt  75  inch. 

Several  stoIoEis  were  laid  on  a  flat  surface  of  damp  sand,  in  the 
same  manner  as  with  those  of  the  6trawl>erry.  The  friction  of 
the  sand  did  not  interfere  with  their  circumnutation ;  nor  could 
wu  defect  any  evidence  of  their  being  Bensitive  to  contact  In 
order  to  see  how  in  a  state  of  nature  they  would  act,  when 
encountering  a  stone  or  other  obstacle  on  the  ground,  short 
pieces  of  smoked  gloss,  an  inch  in  height,  were  stuck  upright 
into  the  sand  in  front  of  two  thin  lateral  bmnchca  Their  tips 
scratched  the  smoked  surface  iu  various  directious;  one  made 
three  upward  and  two  downward  lines,  besides  a  nearly  hori- 
zontal one;  the  other  curled  quite  away  from  the  glass;  but 
tUtinxately  both  surmonnterl  the  glass  and  pursued  their  original 
course  The  ai>ex  of  a  third  thick  stolon  swept  up  the  glass  in  a 
sorvcd  line,  recoiled  and  again  come  into  contact  with  it ;  it  then 
moval  to  the  right,  and  after  ascending,  descended  vortioAlly; 
ultimately  it  pasBcd  round  one  end  of  the  glass  instead  of  over  it. 

Slouy  long  pins  were  next  driven  rather  close  together  into 
the  sand,  so  ae  to  form  a  crowd  in  front  of  the  some  two  thin 
lateral  branches;  but  these  easily  wound  their  way  throogh 
the  crowd.  A  thick  stolon  was  much  delayed  in  its  passage  j 
at  one  place  it  was  Forced  to  turn  at  right  angles  to  its  foi-mer 
conrse;  at  another  place  it  could  not  pass  throiigli  the  pins, 
and  the  hinder  part  lieoame  bowed;  it  then  curved  upwards 
and  paesetl  tlirough  an  opening  between  the  upper  part  of  some 
}iins  which  hapj»ned  to  diverge ;  it  then  descended  and  finally 
emerged  through  the  crowd.  This  stolon  was  rendered  perma- 
nently sinuous  to  a  slight  degree,  and  was  thicker  where  sinuoiia 
tlian  elsewhere,  apparently  from  its  longitudinal  growth  having 
boen  checked. 

C<4yledun  umhilicua  (CrassuIaceaB).— A  plant  growing  In  a  pan 


Jta>m.7T*h 


Oaiy'edon  unHnlicua:  circumnnlatlon  of  stolon,  traced  froin  tt.15  k.u 
Aut^.  25th  to  11  All.  27th.  Plant  illuminatM  from  ahor«.  Th 
termin&l  intemode  wnn  *25  inch  in  I^n^th,  th?  {lenultimate  3'25,  nua 
tW  third  3  0  inches  in  IcDsth.  Ap<^x  of  stoIoD  stood  at  ft  distanct  of 
5*75  iDcheftfrom  the  vertical  glass  ;  btit  it  was  aot  ^ofoilj»)e  toaMertaio 
how  much  the  tracing  was  magnified,  as  it  was  not  koova  how  ^reat 
a  length  of  the  interDode  circaniUQtated. 

lh«  terminal  portion  soon  began  to  bend  downwards  and  con- 
tinued to  do  BO  until  niMn.  Therefore  a  fitraight  line,  ycrj 
nearly  as  long  as  the  whole  figure  here  givwu  (Fig.  89),  was  fiml 
traced  on  the  glnea ;  but  the  upper  part  of  this  line  has  not  been 
copied  in  the  diagram.    The  curratare  occurred  in  the  middle 


of  the  penaltiniate  iutcrnodc;  and  its  chief  seat  was  at  the 
distanco  of  li  inch  from  the  apex;  it  appeared  due  to  tlia 
weight  of  the  terminal  portion,  acting  on  the  more  flexible 
part  of  the  intemoiJe,  and  not  to  gcotropisni.  Tlie  apes  after 
thus  sinking  down  from  'J.IO  a.m.  to  noon,  movtd  a  Utile  to  the 
left;  it  then  rose  ap  and  oircumnutatod  in  a  nearly  vertical 
plane  antU  lO.So  r.)L    On  the  fullowinc;  day  (!^6th)  it  was  oU 

Fig.  90. 


mn^^M^ 


ffVaim 


'J/^^o'am.a^ 


#W> 


wtyAfJon  itnibilicus:  circuninutAttDB  aod  dowowMi'ii  inovemant  of  ;iiiMtber 
rtoluD,  tracwlon  VBrlical  gIfWK,  from  9.11  A.M.  Ang.  2bth  to  11  A.M.27tb. 
Jipu  cloRo  to  gla^s,  so  that  tigur« bat  little  magnified,  and  beM  reduced 
to  two>thirds  of  original  «x«. 

^ved  from  6.40  a.m.  to  5.20  F.K.,  and  within  this  time  it  moved 
tvioe  up  and  twice  down.  On  the  morning  of  the  27th  the  apex 
Btood  as  high  as  it  did  at  II.SO  a  m.  on  the  25th.  Nor  did  it 
Bink  down  during  the  2Hth,  but  continued  tocircumnutate  about 
tliB  same  place. 
Another  stolon,  which  resembled  the  last  in  almost  cTcry 
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respect,  was  observed  during  the  some  two  days,  but  only  two 
inches  of  the  terminal  portion  was  aIlowe<i  to  project  freely  and 
horizontally.  On  the  25th  it  continue*!  from  9.10  A.M,  to  L30  p.m. 
to  bend  straight  downwarda,  apparently  owing  to  its  weight 
(Fig.  90);  but  after  this  hour  until  10.35  p.m.  it  zigzagged. 
This  fact  deserves  notice,  for  we  here  probably  see  the  combined 
effects  of  the  bending  down  from  weight  and  of  circum nutation. 
The  stolon,  however,  did  not  circonmutate  when  it  first  began 
to  bend  down,  as  may  be  obaerved  in  the  present  diagram,  and 
as  was  etill  more  evident  lu  the  lost  case,  when  a  longer  portiou 
of  the  Btolon  was  left  unsupported.  On  the  following  day 
(26th)  the  stolon  moved  twice  up  and  twice  down,  bnt  still  con- 
tinued to  faJI;  in  the  evening  and  during  the  night  it  travelled 
from  some  unknown  cause  in  an  oblique  direction. 

We  see  from  these  three  cases  that  stolons  or 
runners  circuinnutate  in  a  very  complex  manner.  The 
linea  generally  extend  in  a  vertical  plane,  and  this 
may  probably  be  attributed  to  the  effect  of  the  weight 
of  the  unsupported  end  of  the  stolon ;  but  there  is 
always  some,  and  occasionally  a  considerable,  amount 
of  lateral  movement.  The  circumnutation  is  so  great 
in  amplitude  that  it  may  almost  be  compared  with 
that  of  climbing  plants.  That  the  stolons  are  thus 
aided  in  passing  over  obstacles  and  in  winding  between 
the  stems  of  the  surrounding  plants,  the  observations 
above  given  render  almost  certain.  If  they  had  not 
circumnutated,  their  tips  would  have  been  liable  to 
have  been  doubled  up,  as  often  as  they  met  with 
obstacles  in  their  path  ;  but  as  it  is,  they  easily  avoid 
them.  This  must  be  a  considfrable  advantage  to  the 
plant  in  spreading  from  its  parent-st*jck ;  but  we  are 
far  from  supposing  that  the  power  has  been  gained 
by  the  stolons  for  this  purpose,  for  circumnutation 
seems  to  be  of  universal  occurrence  with  aW  growing 
parts ;  but  it  is  not  improbable  that  the  amplitude 
of  the  movement  may  have  been  specially  increased 
for  this  purpose. 
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We  did  not  thiuk  it 


to 


ike. 


necessary 

abscrviitioiis  on  tlie  circuuuiulution  of  flower-stuuiB, 
these  being  axial  in  their  nature,  like  sterns  or  stolons  ; 
but  some  were  incidentally  made  whilst  atttiuUiug 
to  other  subjects,  uud  these  we  will  iiero  biieily  give. 
A.  few  observations  have  also  been  made  by  other 
botanists.  These  taken  together  suffice  to  render  it 
probable  that  all  pcduucles  and  8ub-|}eiluncle&  cir- 
cunmutate  whilst  growing. 

Oxalia  carnosa.—  'Jihe  jjcduncle  nrhich  springs  fitim  the  thick 
ud  woody  stem  of  this  plant  bears  three  or  foiur  Butr-pcduuclefi. 

Kg-  81. 


Orafir earnosa :  flover-Btctn,  feclly  illuminatrj  frrnn  nbor*.  its  cfrcumimta 
ticn  trftce<i  from  9  Aja.  April  13th  to  d  A.v.  15th.    Summit  of  Howrr 
B  inches  bvuealh  tho  honzontal  glrtM.      UovhihsdI  |*ruljabty  magnifivd 
about  6  tiin«». 

A  filament  with  little  triangles  of  poper  was  fixed  within  tho 
calyx  of  a  flower  which  stood  upright.  Its  moTements  were 
obRerved  for  48  h. ;  during  the  first  hiilf  of  this  time  tho  flower 
»a8  fully  ex|>anded,  and  during  the  eecond  half  withered.  The 
figure  here  givtsii  (Fig.  d\)  r(?i>reKents  8  or  9  elli])fOft,  Although 
the  maia  p&luncle  ciicmmiutated,  and  descril)ed  one  largo  and 
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two  smaller  ellipses  in  the  couree  of  21  h.,  yet  the  chief  seat  ol 
movement  lies  in  the  Eub-peLluncles,  which  ultimately  bond 
■vertically  downwards,  as  will  be  descriheJ  in  a  futuj*e  chapter. 
The  peduDclcs  of  Oxaiis  accSo^lU  likewise  bend  dowuwardB,  oad 
aftorward8»  when  the  pods  are  nearly  mature,  upwards ;  and  this 
ia  oflfectod  by  a  circnnmutating  moTemont 

It  loay  be  seen  in  the  above  figuro  that  the  floner-stera  of 
O.mrnosa  circiininutated  duritig  two  days  about  the  same  spot. 
On  the  other  hand,  the  flower-stem  of  u.  t^hsitiva  undeigoes  a 
strongly  marked,  daily,  periodical  change  of  pofeition,  whon  kept 
at  a  proper  temperaturo.  In  the  middle  of  the  day  it  stands 
vertically  up,  or  at  a  high  angle ;  in  the  afternoon  it  sinks,  and 
in  the  evening  projects  horizontally,  or  almost  horizontally, 
rising  again  during  the  night.  This  movement  continues  fn»iD 
the  period  when  the  flo«era  are  in  Imd  to  wheu^  as  we  heUeve, 
the  pods  arc  mature :  and  it  ought  perhaps  to  have  been  included 
amongst  the  so-called  sleep-mo vcmenta  of  plants.  A  tracing 
was  not  made,  but  the  angles  were  measured  at  aacoeaaive  periods 
duriug  one  whole  day;  and  these  showed  that  the  movemeot 
was  nut  ooutinuous,  but  that  the  peduncle  osoillated  up  and 
down.  Wo  may  therefore  conclude  that  it  circum nutated.  At 
the  base  of  the  peduncle  there  is  a  mass  of  small  cells,  forming 
a  well-developed  pulvinus,  which  is  exteriorly  coloured  purple 
and  hairy.  In  no  other  genuB,aa  far  as  we  know,is  the  peduncle 
furoifihed  with  a  pulvinua.  The  pedimole  of  o.  Oitftjesii  behaved 
differently  &om  that  of  O.  sensitivay  for  it  stood  at  a  less  aaglo 
above  thti  horizon  in  the  middle  of  the  day,  than  in  the  mornmg 
or  evening.  By  10.^  p.m.  it  had  risen  greatly.  Daring  the 
middle  of  the  day  it  oscillated  much  up  and  down. 

Trifoliam  ttubterranemn. — A  filament  was  fixed  vertically  to 
the  uppermost  part  of  the  pe^iuncle  of  a  youcg  and  upright 
flower-head  (the  stem  of  the  plant  having  beeu  secured  to  a 
stick);  and  its  m  »veraent8  were  traced  during  36  h.  Within 
this  time  it  dcfioribod  (see  Fig.  92)  a  figure  which  represents  four 
ellipses;  bnt  during  the  latter  part  of  the  time  the  peduncle 
began  to  bend  downwards,  aLd  after  10.30p.m.  od  the  24th  it 
curved  so  rapidly  dtfwn,  that  by  645  a. k.  on  the  25lh  it  stood 
OD^y  19°  above  the  horizoa.  It  wentonctrcamnutating  iu  Dearly 
the  same  position  for  two  dajs.  Even  after  the  flower-beads 
have  buried  themselves  in  the  ground  thdy  continue,  as  will 
hereafter  be  shown,  to  circamnulate,  It  will  also  be  seen  in  the 
next  chapter  that  the  sub-ptdiinclDB  of  the  separate  flowers  of 
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Tr^f^ium  rtptnt  circumnaliito  In  A  complicated  coiirM)  during 
8eTeral  dajs.    1  may  add  tbat  the  gynophora  of  Arachu  ht^it/tn. 


Fig.  M. 


fM^M-St/^' 


'40'a.MM'!* 


'«r,3ajfM.349 


Tnfoliwn  svbteftath:um :  main  fluwer-peduncle,  niumiuuUd  rroin  Bbon, 
circuinnutstJdD  traced  ou  borisuotal  gla»»,  from  8.40  am.  July  33id 
14>  10.30  PM.  24tb. 

which  lookf;  exactly  like  a  peduncle,  eirotimnnfafee  whilst  growing 
Tertically  downwards,  in  order  to  bur>  the  young  pod  in  tlie 
ground. 

The  moTements  of  the  flowers  of  C^amen  Prrticum  were  not 
olwervcd;  but  the  peduncle,  whilst  the  pod  is  forminp;,  increases 
much  in  length,  and  bows  itself  down  by  a  circiimTintaiing 
movement.  A  young  peduncle  of  Maarandia  sempfjiorent, 
U  inch  in  length,  waa  carefully  obeerved  during  a  whole  day, 
And  it  made  41  narrow^  vertical,  irregular  and  short  ellipses, 
each  at  an  average  rate  of  about  2  h.  *25  m.  An  adjoining 
pcdonclo  described  during  the  same  time  similar,  though  fewer, 
etlipees.*    Acoording  to  Sachs  f  the  flower-stems,  whilst  growings 


*  'The  HoTementa  and  HaUls 
of  ClimbiD^   riaulfi,'  '2nd   (4it., 


1875  p.  63. 
t  •  Text- Book  of  Butany/ 187^ 
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of  TDftuy  plants,  for  instance,  thuee  of  Braasiea  napii$,  revolve  or 
oircuiuoutate;  those  of  Allium  porrum  bend  from  side  to  side, 
&nd,  if  this  moTonicnt  had  beea  traced  on  a  horizontal  gliu^s, 
no  doiihfc  ellip«i?s  would  have  been  formed.  Fritz  Miiller  has 
described*  the  spoutaneous  revolviug  movemeata  of  the  flower- 
Btema  of  an  Aliema,  which  he  compares  with  those  of  a  climbing 
plant 

We  made  no  observations  on  the  moTemonts  of  the  dilTcvcnt 
parts  of  flowers.  M  -rren,  however,  has  observed  t  in  the 
etamens  of  Sparmannia  and  Cereua  a  "  fren  JBaetiieut  spontane," 
which,  it  may  be  suspected,  is  a  circumnuUiUug  movemcut. 
The  cirtiumuntation  of  the  gynostemium  of  Stylidium,  ^s  de- 
Bcrihed  by  Gad.J  ie  highly  remarkable,  and  apparently  aids  in 
the  fertilifiation  of  the  flowers.  The  gynostemium,  whilst  spon- 
taneously moving,  comes  into  contact  with  the  viscid  labellum, 
to  which  it  adheres,  tintil  freed  by  the  iucreasiiig  tension  of  the 
parts  or  by  being  touched. 

We  have  now  seen  that  the  flower-stems  of  planta 
belonging  to  such  widely  different  families  as  the 
Cruciferffi,  Oxalidffl,  Loguminoam,  Priraulaceie,  Scro- 
phularineae,  Alismaceas,  and  Liliaceae,  circumnutate ; 
and  that  there  are  indications  of  this  movement  in 
many  other  families.  AVith  these  facts  before  us, 
bearing  also  in  mind  that  the  tendrils  of  not  a  few 
plants  consist  of  modified  peduncloa,  we  may  admit 
without  much  doubt  that  all  growing  flower-stems 
circumnutate. 


ClKOrjMNUTATKJN    OF  LeaVES  :   DICOTYLEDONS, 

Several  distinguished  botanists,  Hofmeister,  Sachs, 
Pfeffer,  De  Vries,  BataJin,  Millardet,  d-c,  have  ob- 


p.766.  liinnrcuB  and  TrcviniDUd 
(nccording  to  Pfefftr,  '  Dio  Pe- 
nn<li»choii  B<'wesmiKi^y/  *"•.  P- 
I(j2)  »tnt*<  tiitit  the  ilower-effllka 
of  mnny  planta  (wciipy  different 
pti«itioiis  hy  iii^lit  and  dny.  und 
wo  shaU  s  C  in  tUo  chapt-T  im 
the  Sle  II  of  Vlmtt*  Ibal  Ih  a  itu- 


pliea  ciiciimniitaima. 

•  't5^ii»Ucbe  Zuittoh«*  B.  r. 
p.  133. 

t  *  >f.  Mom.  do  lAdid  n.  da 
BruxelliS,'  torn.  :iiv.  1841.  p.  ;i. 

X  'fiitzunj^berlcb'.  'W«  b-it.  V<v 
n'i«ia  d'jr  P.  Bmudenburg,*  nd 
p.  84. 
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served,  and  some  of  them  with  the  greatest  care,  the 
periodical  movements  of  loaves ;  but  their  attenliun 
has  been  chiefly,  though  not  exclusively,  directed  to 
those  which  move  largely  and  arc  coiniuonly  said  to 
sleep  at  night.  From  considerations  hereafter  to  be 
given,  plants  of  this  nature  are  here  excluded,  and 
wilt  bo  treated  of  separately.  As  we  wished  to  ascer- 
tain whether  all  young  and  growing  leaves  circumnu- 
tated,  we  thought  that  it  would  be  sufficient  if  we 
observed  between  30  and  40  genera,  widely  distributed 
throughout  the  vegetable  series,  selecting  some  un- 
usual forms  and  others  on  woody  plants.  All  the 
plants  were  healthy  and  grew  in  pots.  They  were 
illuminated  from  above,  but  the  light  perhaps  was  not 
always  sufficiently  bright,  as  many  of  them  were  oh- 
Borved  under  a  skylight  of  ground-glass.  Except  lu  a 
few  specified  cases,  a  fine  glass  filament  with  two  minute 
triangles  of  paper  was  fixed  to  the  leaves,  and  their 
movements  were  traced  on  a 
vertical  glass  (when  not  stated 
to  the  contrary)  in  the  manner 
already  described.  I  may  repeat 
that  the  broken  lines  represent 
the  nocturnal  course.  The  stem 
Mas  always  secured  to  a  stick, 
close  to  the  base  of  the  leaf 
under  observation.  The  ar- 
rangement of  the  species,  with    s.rr.'c«,ia punmr^:  dr^nm- 

the  nnmber  of  the  Family  ap-      mitaiion  «f  Toungpitch«r, 
pendedj  is  the  same  as  in  the 
cose  of  stems. 


Fig.  93. 


traced  from  8  A.M.  July  3r(i 
to  in.i:^  A.u.  4th.  Temp. 
17<»-]8*»  C.  Apei  of  pitcher 
20  {itchiw  from  glass,  m 
njovement  greatly  mng- 
oified. 


(1.)   Sarracenia    purpurea     (Sarra- 
Cene«,  Fam.  11).— A  young  leaf,  or 

pitcher,  8i  inches  in  beight,  witli  the  bladder  swollen,  hut  witli 
the  hood  not  as  yet  opeu,  bad  a  filament  fixed  transversely 
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Fig.  94. 


across  its  apex ;  it  was  olieerved  for  4S  h.,  and  during  the  whole 
of  this  time  it  circun] nutated  in  a  nearly  similar  manner,  hut 
to  a  very  Email  extent  The  tracing  given  (Fig.  93)  relates 
only  to  the  raovements  during  the  first  2G  h. 

(2.)  <Haucium  luteum  (Papave- 
raceGB,  Fam.  12). — A  young  plant, 
bearing  only  8  leaves,  had  a  fila- 
ment attached  to  tho  youngest  leaf 
hut  one,  whkb  was  3  inches  in 
length,  including  the  petiole.  The 
circuninutating  movement  was 
traced  during  47  h.  On  both  days 
the  leaf  descended  from  before  7  a.m. 
until  abont  11  A.M.,  and  then 
ascended  slightly  during  the  rest 
of  the  day  aud  the  early  part  of 
the  night.  During  the  latter  part 
of  the  night  it  fell  greatly.  It  did 
not  ascend  so  ninoh  during  the 
second  as  during  the  first  day,  and 
it  descended  considerably  lower  on 
the  second  night  than  on  the  first. 
This  difference  was  probably  duo 
to  tho  illnnxination  from  above 
having  been  insufficient  during  the 
two  days  of  observation.  Itscouree 
during  the  two  days  is  shown  la 
Fig.  94 

(3.)  Crumbe  maritima  (Crncifer», 
Fam.l4).^Aleaf  94  inches  in  length 
on  a  plant  not  growing  vigorouKly 
was  first  observed.  Its  apex  was 
in  constant  movement,  but  thie 
could  hardly  be  traced,  from  being 
so  small  in  extent  The  apex,  how- 
ever, certainly  changed  its  course  at 
least  6  times  in  the  course  of  14  h. 
A  more  vigorous  young  plant,  bea> 
ing  only  4  leaves,  was  then  selectedf 
and  a  filament  was  afBxed  to  the 
noidrib  of  the  third  leaf  from  the  base,  which,  with  the  petiole,  was 
6  inches  in  length.  The  leaf  stood  up  almost  vertically,  but  the  tip 


Qhiw:iii'n  lulfttin:  clrcumnutii- 
tion  of  j-ouog  leaf,  traced 
from  9.30  a.m.  June  14th 
to  8.30  A.M.  I6th.  Tracing 
Dot  much  magnifieit,  m  sfex 
of  leaf  stood  only  5|  incketf 
from  the  glnu. 
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was  defiectod,  bo  that  the  ftlamcnt  projecteil  almoAt  horizontally, 
and  ite  movements  wore  tracod  daring  4S  h.  on  a  vortical  glam, 
as  shown  in  the  accompanying  figrure  (Fig.  tt5).  We  here  plainly 
see  that  the  leaf  was  oon-  _.     .  ^ 


7'.&Qta 


tintially  circunmotating ; 
but  the  proper  periodicity 
of  its  motonientswas  dia- 
tnrbed  I7  its  being  only 
dimly  illuminated  from 
ftboTe  throngh  a  double 
fttcylight.  We  infer  that 
this  was  the  ease,  beconse 
two  leaves  on  plants  grow- 
ing out  or  doors,  had  their 
angles  above  the  horizon 
measnred  in  the  middle 
of  the  day  and  at  9  to 
about  10  P.U.  on  euccee- 
sive  nights,  and  titey 
were  fonnd  at  this  latter 
hoar  to  havo  ri»3n  by  an 
average  angle  of  9^*  above 
their  mid-day  position : 
on  ilia  following  morning 
they  fell  to  their  former 
position.  Kow  it  may  bci 
olwerved  in  the  diagram 
that  the  leaf  rose  during 
the  second  night,  so  that 
It  stood  at  6.40  a.m.  higher 
than  at  10.20  r.M.  on  the 
preceding  night;  and  this 
may  be  attributed  to  the 
leaf  adjusting  itself  to  the 
dim  light,  coming  excln- 
sively  from  above. 

(4.)  Brassica  oleracttt  (Cmcifene).— Hofmeiater  and  Batnliu  * 
state  that  the  leaves  of  the  cabbage  riso  at  night,  and  fiill  by 
day.  We  covered  a  young  pfant,  bearing  8  leaves,  under  a  Urge 
bell-glass,  placing  it  in  the  same  position  with  respect  to  the 


e:srfajnS4^> 


y£,m24^ 


Crtmhf  nutr'Unui:  clrcomnuLntiop  of  leaf. 
dUtiirbcl  \ij  being  iiiKuiriritotljr  illuiui- 
DUt«<l  from  nbove,  traced  from  7.6I>  A  x- 
June  2Jr<i  to  8  A.M.  25th.  Apex  of  lenf 
15}  iDchnfroin  the  rertical  glnss,  lO  that 
the  tracing  was  much  mnguEfiwl,  but  i» 
hereretiuc«il  toone-fourthoforiginalGcnle. 


•  '  Flom.'  1873,  p.  437 
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light  in  -wliicli  it  had  long  remained,  and  a  filament  was  fixed 
at  the  distance  of  '4  of  an  inch  from  the  apex  of  a  young  leai 
nearly  4  inches  in  length.  Its  movements  were  then  traced 
during  throe  days,  bnt  the  tracing  is  not  worth  giTing.  The 
leaf  fell  during  the  whole  morning,  and  rose  in  the  evening  and 
during  the  early  part  of  tlie  night.  The  ascending  and  descend- 
ing lines  did  not  coincide,  so  that  an  irregular  ellipse  was  fonned 
each  24  h.  The  basal  part  of  the  midrib  did  not  move,  as  was 
ascertained  by  measuring  at  Buccessire  periods  the  angle  which, 
it  formed  with  the  horiaon,  so  that  the  movement  was  confined 
to  the  terminal  portion  of  tlie  leaf,  which  moved  tlirough  an 
angle  of  11°  in  the  course  of  24  h.,  and  tho  distance  travelled  by 
the  apex,  up  and  down,  was  betw^n  '8  and  '9  of  an  inch. 

Tn  order  to  ascertain  tho  effect  of  darkness,  a  filament  was 
fixed  to  &  leaf  5i  inches  in  length,  borne  by  a  plant  which  after 
forming  a  ho&d  had  pro  iuced  a  stem.  The  loaf  was  inclined 
44°  al>ove  the  horizon,  and  its  movements  were  traced  on  a 
vertical  glass  every  honr  by  the  aid  of  a  taper.  During  the 
first  day  the  leaf  rose  from  8  a.m.  to  10.40  p.m.  in  a  slightly 
Kipzag  course,  the  actual  distance  travelled  by  the  apex  being 
'67  of  an  inch.  Dnring  the  night  the  leaf  fell,  whereas  it  ought 
to  have  risen  ;  and  by  7  a.m.  on  the  following  morning  it  hod 
fallen  "23  of  an  inch.ard  ft  continued  falling  until  9.40  a.m.  It 
then  rr>Ee  until  10.50  p  m.,  but  the  rise  was  interrupted  by  one 
considerable  oscillation,  that  is,  by  a  fall  and  re-ascent  During 
the  second  night  it  again  fell,  but  only  to  a  very  short  distance^ 
and  on  the  following  moniing  re-ascended  to  a  very  short 
distance.  Thus  the  normal  course  of  the  leaf  waa  greatly 
dis'nrlxsd,  or  rather  completely  inverted,  by  the  absence  of 
light;  and  the  movemente  were  likewise  greatly  diminished  in 
amplitude. 

We  may  add  that,  according  to  Mr.  A.  Stephen  "Wilson.*  the 
young  leaves  of  the  Swedish  tnmip,  which  is  a  hybrid  between 
I}.  oUrarea  and  rayo,  draw  together  in  the  evening  so  much 
"that  the  horizontal  breadth  diminishes  al)Out  30  per  cent,  of 
the  daylight  breadth,"  Therefore  the  leases  mast  rise  con- 
giderably  at  night. 

(j.)  Diaiithiis  earyophyllus  (Caryophyllew,  Fam.  26).  —  The 


•  'Trans.  Bot.Soc,E.IiiiburgL.* 
vol.  xiil  p.  y2.  With  n-sp^ot  to 
the  origin  of  the  Swcrlinh  turnip. 


aee  Darwm,  '  Animnlti  and  Fhmtf 
tinder  JDomebtieatiun/  2ud  tdii 
vol.  i.  p.  »44. 
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tcnninal  shoot  of  a  young  pUnt,  growing  very  TiRorousIy,  irae 
Mleoted  for  obeemition.  The  young  leaves  at  first  etond  up 
verticalty  and  close  together,  but  they  soon  bend  outwards  and 
downwardfl,  so  as  to  become  horir.ontAl,  and  often  at  the  Baoie 
time  a  little  to  one  side.  A  filament  was  fixed  to  tlie  tip  of  a 
young  leaf  whilHt  still  highly  inclined,  and  tlie  first  dot  was 
made  on  the  vertical  glasa  at  8.30  a.m.  Jnne  13tb,  but  it  curved 
downwards  bo  quickly  that  by  6.40  A-M.  on  the  following 
morning  it  stood  only  a  littJe  above  the  horizon.    In  Fig.  96 


rig.  M 
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I  Diant^na  caryopAyUuM :  clTCumuutation  of  jotiog  leaf,  traced  from   10.13 

I  i-.M.  Juoa  13tll  tolO..'i5  P.U    \6t\i.     Apex  of  Icif  aUtyJ,  at  tbe  cIom  of 

^^^  our   obacnrations,  8S   iaclivs  froni  thfl  vertir»l  glui,    an  lra«in{{  qoI 

^H  greatly  magnified,     flu  I     " 


greatly  magnified,    f  Il«  leaf  was  5\  inches  long.    Temp.  IA|°-17i«  C 


the  long,  Blighlly  zigzag  line  representing  this  rapid  downward 
course,  which  was  somewhut  inclined  to  the  left,  in  not  given  • 
Lrat  the  figure  shows  tlie  highly  tortuous  and  zigzag  court^e, 
Uigf'ther  with  some  loo|w,  pursued  during  the  next  21  days. 
Ab  th3  leaf  continaed  to  move  all  the  time  to  tlio  left,  it  is 
evident  that  the  stigzog  line  represents  many  circumnutationa 

(6.)  Camellia  ,/oponira  (CameHian€»,  Fam.  82). — A  yoiinglflh 
leojf,  which  together  with  its  petiole  was  21  inches  in  length  and 
which  arose  from  a  Ride  branch  on  a  tall  bush,  had  a  filament 
attached  to  its  apex.  This  leaf  sloped  downwards  at  an  angle 
of  40°  lieneaththe  horizon.  As  it  was  thick  and  rigid,  and  its 
16 
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petiole  very  short. 
Tig.  &7. 


Cainellia  Japonityt :  cir- 
cumnutatioD  of  liMif, 
traoed  fiom  6.40 
A.M.  JuQo  14th  to 
6.50  A.M.  IMh. 
Apei  ol'  leaf  12 
ikclies  from  ttie  ver- 
tic&l  glass,  Bo  figure 
eonsiderablj  tmig- 
aitied.  Temp.  lti°- 
I6i**  C. 


much  movement  coald  not  Iw  ex])ected 
NeverthelesB,  the  ap«x  cbaD};tid  its  course 
completely  seTcn  times  in  the  course  of 
lU  h.,  but  moved  to  only  a  very  small 
distance.  On  the  next  day  tlio  movement 
of  the  apex  was  traced  during  26  h.  *20  m. 
(as  shown  in  Fig.  97),  and  was  nearly  of 
the  same  nature,  but  rather  less  complex. 
The  raoveraeat  seems  to  be  periodical,  for 
on  both  days  the  leaf  circima nutated  in  tho 
forenoon,  fell  in  the  aftemooii  (on  the  first 
day  until  between  3  and  4  p.m.,  and  on  the 
second  day  until  6  P.M.),  and  tlien  rose, 
falling  again  during  the  night  or  early 
morning. 
Jn  tho  chapter  on  the  Sleep  of  Planta 


we  shall  sec  that  the  leaves  in  several  Malvac«oiLs  genera  sink 


I  wr.4^.p.^ 


tUSO'a.rti.O'^- 


N 


0'.sam,m.t^ 


f.so'p.n.iaff^ 

JO'.SS'p.OLl^ 

Pffaf^grannU")  tomili :  c)rcD  in  nutation  and  Hownwarl  irtoremcot  of  yoong 
mi,  tmc*d  from  9.30  A-M.  June  14tii  to  6.30  r.M.  10th.  Apex  of  lenf 
0}  inches  from  the  vertical  gtuis,  so  iigare  modcrHicly  msgtit6«(L 
Temp.  l5*'-lflJ'*C. 

at  night ;  and  as  they  often  do  not  then  occupy  a  verticAl 
position,  especially  if  they  have  not  l>ccn  well  illnminatod  during 
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Fig.  S9, 


tho  day,  it  U  doubtful  whether  some  of  the?e  cases  ought  not 
to  iiavc  l»ccn  iucluded  in  the  prestint  chapter. 

(7.)  fdurgonium  gonaJe  (GcraniactfiO,  rain.  47).  —  A  young 
leaf,  li  inch  in  breadth,  with  its  petiole  1  inch  long,  liornc  on 
A  young  plant,  was  observed  in  the  usuiil  mnnner  during  61  h.; 
and  ita  course  is  shown  in  the  preceding  figure  (Fig.  90). 
During  the  first  day  and  night  the  leaf  moved  downwards,  but 
circuranutated  between  10  a.m.  and  4.30  p.k.  On  the  seconrl 
day  it  sank  aud  rose  again^  but  betweeu  10  a.m.  and  6  p.m.  it 
ciroumuutated  on  an  Dxtrcmoly  small  scale.  On  the  tliird  day 
the  ciroumnntation  was  more  plainly  marked. 

(8.)  Cissu^  discolor  (Aini>clidcRi,  Fam.  67).— A  leaf,  not  nearly 
full-grown,  the  third  from  the  apex  of 
a  Bhoot  on  a  cut<lon*n  plant,  was 
observed  during  31  h.  30  m.  (see  Fig. 
99).  The  day  was  cold  (15^-16='  C), 
and  if  the  plant  liad  been  observed  in 
the  hot-house,  the  circuninutation, 
tbough  plain  enough  as  it  was,  would 
probably  have  been  far  more  ooa- 
Bpicuous. 

(9.)  yicia  /aha  (Lcguminosae,  Fam. 
76). — A  young  leaf,  3  1  inches  in 
length,  measured  from  base  of  jietiole  to 
end  of  leaflets,  had  a  filament  affixed 
to  the  midrib  of  one  of  Ihe  two  ter- 
miiial  leaflets,  and  its  movements  wore 
traced  during  5U  h.  Tho  (ilamont  fell 
all  morning  (July  2nd)  till  3  p.m.^  and 
then  rose  greatly  till  10.35  p.m.  ;  but 
the  rise  this  day  was  so  great,  com- 
pared with  that  which  Bubscqucntly 
occurred,  that  it  was  probably  duo  in 
imrt  to  the  plant  being  illuminated 
from  aliove.  The  latter  pai-t  of  tlie  course  on  July  2nd  is  alone 
given  in  the  following  figure  (Fig.  100).  On  the  next  day 
(July  8rd)  the  letif  again  fell  in  tho  moi-ning,  then  circumnn- 
tated  in  a  conspicuous  manner,  and  rose  till  late  at  night;  but 
tho  movement  was  not  traced  after  7.15  p.m.,  as  by  that  time  the 
filament  pointed  towards  the  upper  edge  of  the  glass.  During 
tho  latter  i>art  of  the  night  or  early  momiug  it  again  fell  in  the 
■ame  manner  as  before. 


Ci-^sHa  discvlcr ;  ciroiimnn. 
UtloQ  of  leaf,  iriic«k1 
from  ia..1.'>  A.K.  M.-ij 
28th  to  6  P.M.  2!Hh. 
Ajwx  or  leaf  8}  iDdiea 
from  thf!  vertical  ^lato. 


of  tbo  two  temunal  leaflets,  which  were  1*4  inch  in  length ;  and 
the  movemente  of  one  of  them  were  tracod  during  48  h.  (see 
Fig.  101).  The  conrse  pnrsiied  is  cIoKely  analogous  to  that  o( 
the  whole  leaf.  The  zigzag  line  between  8.30  a.m.  and  8.30  p.m. 
^OD  the  second  day  represents  5  very  small  eUipses,  with  their 

Fig.  101. 


•KTStyaiTLe^ 


I 


Vicia  fiAa:  circa mnuUtioa  of  one  of  the  two  t«rmioal  ),«.tflet\  thr  mala 
|>etiolc  hAriag  been  secure<i, traced  from  10.40  A.ai.  July  4th  to  10.30  AJK. 
6lli.  A\vx  uf  Itrnllct  6^  iuchos  from  tb«  vei-ticnL  glass.  TnriDg  here 
rcdutcd  to  uoe-lialf  uf  urij^iiiA^l  schIc.     Temp.  IS^-iS**  C 

longer  axes  difTerontly  directed.  From  theee  obeervntione  it 
follows  that  both  the  whole  leaf  and  the  terminal  leaflets  undergo 
a  well-marked  daily  perJixlical  movement,  rising  in  the  ov^^ning 
and  falling  during  iiio  latter  part  of  the  nig]it  or  early  morning; 
whilst  in  tlio  luiddlo  of  the  day  they  goncrally  circnmnutate 
Tound  the  same  stuall  £iwce. 
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Fig.  103. 


Acacia  i-etino'dea ;  clr* 
euniDutfttioTi  of  n 
TOTmjj  phyllod*, 
traced  from  10.45 
AM.  Julf  18th  to 
S.t5  A.M.  19th. 
A|i«x  of  phylloile  9 
inches  from  th« 
Tertic-il  glnss;  temp. 


(10.)  Atxicta  TtHnovks  (LeguininosiB). — The  movement  of  n 
yotmg  phyllode,  2^  inches  in  length,  and  inclined  at  a  consider- 
able angle  above  the  horizon,  was  traced 
during  45  h.  30  m. ;  but  in  the  figure  here 
given (Fig.l02),itscircumnntafcion  is  shown 
during  only  21  h.  30  m.    Duj-iitg  part  of 
this  time  (viz.,  14  h.  30  m.)  the  phyiloda 
deaciibed  a  figure  re- 
presenting   5    or    6 
amall  ellip&cs.     The 
actual     amotmt     of 
Hjovement  in  a  Ter- 
tical  direction  was  '8 
inch.    The  phyllode 
rose  considerably  be- 
tween 1.30  P.M.  and 
4  P.M.,  but  there  wna 
no  oTfidence  ou  either 
day  of  a  regular  pe- 
riodic movement. 

(11.)    LliptnuS    8(rt' 

cicfS'fs  (Leguminosfe). 

— Plants  wore  raised 
from  seed  purehasod  under  this  nnma 
This  is  one  of  the  species  in  this  large 
geuus,  the  leaves  of  which  do  not  sleep 
at  night.  The  petioles  rise  direct  from 
the  ground,  and  are  from  5  bo  7  inchea 
in  length.  A  filament  was  fixed  to  the 
midrib  of  one  of  the  longer  leaflets,  and 
the  movement  of  the  whole  leaf  was  traced, 
as  shown  in  ITig.  103.  In  the  course  of 
6  h.  30  m.  the  tilampnt  went  four  times  up 
and  three  times  down.  A  new  tracing 
was  then  begun  (not  here  giveu)j  and 
during  12j  h,  the  leaf  moved  eight  times 
up  and  seven  times  down;  so  that  it 
described  7^  ellipses  in  this  time,  and 
this  is  an  extraordinary  rate  of  movement. 
The  summit  of  the  petiole  wan  then  soeured 
to  a  stick,  and  the  separate  leaflt^ts  were  found  to  be  coutiniiAllj 
sire  amnuta  ting. 
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Fig.  104. 


(13.)  Ecfieveria  stolimi/eTa  < Cra«8ulace»,  Fora.  84), — The  ol«lor 
leaTOB  of  this  plant  ore  so  tliick  and  fiesliy,  and  the  yotinf;  oiiea 
eo  short  and  brood,  that  it  Boemed 
very  improbable  that  any  circum- 
natation  could  be  clotectetl.  A  fila- 
ment was  fixed  to  a  yonng  upwardly 
incliued  leaf,  '75  inch  in  length  and 
S8  in  breadth,  which  stood  on  tho 
outside  of  a  terminal  roeetto  of  leaTes, 
produced  by  a  plant  growing  very 
Tigoroosly.  Ita  movomeiit  was  traced 
during  S  days,  as  here  shown  (Fig. 
104).  The  courso  was  chiefly  in  an 
upward  direction,  and  this  may  be 
attributed  to  the  elongation  of  the 
leaf  through  growth ;  but  we  see  that 
the  lines  arc  strongly  zigzag,  and  that 
occasionally  there  was  distinct  cir- 
cumnutation^  though  on  a  very  small 
scale. 

(13.)  Brynphyllum  (v«l  Cahncha) 
calycinum  (Crassulocoie).  —  Dural- 
Jouve  ('Bull.  Soc  Bot.  da  France,' 
Feb,  14th,  1868)  measured  the  dis- 
tance between  the  tips  of  the  upper 
pair  of  leaves  ou  this  plant,  with  the  roBult  shown  in  tho  following 
Table.  It  should  be  noted  that  the  measurements  on  Dec  2nd 
were  made  on  a  different  {tair  of  leaves: — 


-^ 


Kckcttrvi  it-Aonifei-a  i  ch-cum- 
QuUtion  of  leaf,  trat-e^l 
from  8.20  A.M.  JuDC  2.'>(h 
to  8.45  AH.  '2«lh.  Ai>.-i 
uf  leaf  12J  ioL-hcft  from  the 
glnssi,  stt  that  the  movemeDl 
wasmurhmagaififtci;  t«ic[k 


8  A.M. 

2  VM. 

7  P.H. 

VoT.  16     . 

.   15  lam. 

•     ■ 

>  25  mm.     . 

.      .    (?) 

«     l»     . 

.      .  48    „ 

a         t 

.  60    „        . 

,       ,    48  tnio 

Dee.     a     . 

.      .  22    „ 

, 

.  43    «        . 

.      .  28    „ 

Vfe  see  from  this  Table  that  the  leaves  stood  oonsiderably 
further  apart  at  2  p.m.  than  at  either  8  am.  or  7  t.u.  ;  and  this 
shows  that  they  rise  a  little  in  the  evening  aud  fall  or  open 
In  the  forenoon. 

(14.)  Drosera  rotiindi/olia  (Droscraccas,  Fam.BS).— The  movo- 
tnente  of  a  young  leaf,  having  a  long  petiole  but  with  its  leutacles 
(oi  gland-bearing  hairs)  as  yet  unfolded,  were  traced  during 
47  h.  15  m.  The  figure  (Fig.  105)  shows  that  it  circnmnutated 
hw^el>'j  chiefly  in  a  vertical  direction,  making  two  ellipses  each 


288 


ClBCUMNUTATION  OF  LEAVES.         Chap.  IV. 


tf^^oju.s'i' 


Jay.    Oil  both  days  the  leaf  began  to  descend  after  12  or 
1   o^clook,  and  continued  to  do  fio  all  night,  though   to   a 

very  unequal  dislnnco  on  the 
Fig.  105.  two  occasions.    We  therofoi-e 

T4SpmT!  thought  that  the  movemeul 
was  periodio;  bnt  on  obscrY- 
ing  throe  other  leaves  dnring 
seTcral  euccosBi'Te  days  and 
nights,  we  found  this  to  be  an 
error;  and  the  case  is  givoii 
merely  as  a  cantion.  On  the 
third  morning  the  above  leaf 
occupied  almost  exactly  the 
eame  poeition  as  on  the  Rrst 
morning ;  and  the  tentacles 
by  this  time  had  unfolded 
sufficiently  to  project  at  right 
angles  to  the  blade  or  disc 

The  leaves  as  they  grow 
older  generally  sink  more 
and  more  downwards.  Tho 
movement  of  an  oldish  leof, 
the  glands  of  which  were 
still  secreting  freely,  'was 
traced  for  ^  h.,  during  which 
time  it  continued  to  siuk  a 
^'^iff'-dO'ji.mS.  little  in  a  slightly  zigzag  line. 

On  the  following  morning,  at 
7  A.M.,  a  drop  of  a  solution 
of  carbonate  of  ammonia  (2 
gr.  to  1  oz.  of  water)  was 
placed  (HI  the  disc,  and  this 
blackened  the  glands  and  in- 


Di-osera  ratundifnli'i :  circamautiitioD 
of  young  le:if,  with  filaraeat  fiied 
to  back  of  bhJo,  trnctd  from  S.l.S 
A.M.  Suae  7tli  to  8.3';;  a.m.  Jud* 
9th.  Figure  h«ro  reJuced  to  on*- 
half  original  Bdl«. 

ducod  inflection  of  many  of  the  tentacles.  The  weight  of  th« 
drop  caused  the  leaf  at  first  to  sink  a  little;  bat  immediately 
afterwards  it  began  to  rise  in  a  somewhat  zigzag  course,  and 
continued  to  do  so  till  3  p.m.  It  then  circumnntnted  about 
tho  same  spot  on  a  very  Bmiill  scale  for  21  h.;  and  during  the 
next  21  h.  it  sank  in  a  zigzag  line  to  nearly  the  same  level 
which  it  had  hold  when  the  ammonia  was  first  administered. 
By  this  time  the  tentacles  had  re-expanded,  and  the  glands  had 
recovered  their  proper  colour.    We  thus  learn  that  an  old  leal 
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circumnatates  on  a  small  scale,  at  least  wbiUt  abeorbii^;  car- 
bonate of  ammonia ;  for  it  is  probable  that  Uub  abeoiption  nwy 
stiniulate  gro^vtb  and  thus  re-excite  clrcuninutation.  Whether 
the  rising  of  the  gloss  filament  wluch  was  attached  to  the  l>a»k 
of  the  leaf,  rosnltcd  from  its  margin  becoming  sligbttj  inflected 
(as  genemlly  occurs),  or  from  the  rising  of  the  pvtiole,  was  utit 
ascertained. 

In  order  to  learn  whether  the  tcutacloe  or  gland-bearing  hairs 
circmnnutate,  the  bock  of  a  young  leaf,  with  the  innermost 
tentacles  as  yet  incurved,  wa*  firmly  cemented  with  shollao 
to  a  flat  stick  di'iyou  into  compact  damp  argillaoeoos  sand. 
The  plant  was  placed  under  a  microscope  with  the  stage  re- 
moved and  with  an  eye- piece  micrometer,  of  which  each 
division  equalled  -^  of  an  inch.  It  should  be  stated  that  as 
the  leaves  grow  older  tlie  teutacles  of  the  exterior  rows  bend 
outwards  and  downwaris,  so  as  ultimately  to  Ixjcome  doflooted 
couaiderably  beneath  tlio  horizon.  A  tentacle  in  the  second 
row  from  the  margin  was  selected  for  observation,  and  was 
found  to  be  moving  outwards  at  a  rate  of^J^of  an  inch  in 
20  m.,  or  y}^  of  inch  in  1  h.  40  m. ;  but  as  it  likewise  moved 
from  side  to  aide  to  an  extent  of  above  yj^  of  inch,  the  raore- 
znent  was  probably  one  of  modiHed  circumnutation.  A  tentacle 
on  an  old  leaf  was  next  observed  in  tlia  ssTiie  manner.  In 
15  m.  after  being  placed  under  the  microscope  it  had  moved 
about  TT^  of  an  inch.  During  the  next  7i  h.  it  was  looked  at 
repeatedly,  and  during  this  whole  time  it  moved  only  another 
Y^5c  of  an  inch  ;  and  this  small  movement  may  have  been  due 
to  the  settling  of  the  damp  sand  (on  which  the  plant  rested), 
tbough  the  sand  had  been  firmly  pressed  down.  We  may  there- 
fore oonclude  that  the  tentacles  when  old  do  not  ciroumnutate ; 
yet  this  tentacle  was  so  Beusitive,  that  in  23  seconds  after  its 
gland  had  been  merely  touched  with  a  btt  of  raw  meat,  it  began 
to  curl  inwards.  This  fact  is  of  some  importiinee,  aa  it  apj>a- 
rently  shows  that  the  inflection  of  the  tentacles  from  the  stimulus 
of  absorbed  animal  matter  (and  no  doubt  from  that  of  contact 
with  any  object)  is  not  due  to  raotUfied  circumnutation. 

(15.)  Dionaa  mmciptla  (Droseracem). — It  should  be  premised 
tliat  the  leaves  at  an  early  stage  of  their  development  have  the 
two  lobes  pressed  closely  together.  These  are  at  first  directed 
back  towards  the  centre  of  the  plant ;  but  they  gi-adualty  rise  up 
and  soon  stand  at  right  angles  to  the  petiole,  and  ultimately  in 
nearly  a  straight  line  with  it    A  young  leaf,  which  with  Lhu 
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petiole  was  oub  1'2  inch  in  length,  had  a  filament  fixed  exler^ 
iially  along  the  midrib  of  the  still  closed  lobes,  which  projected 
kt  right  angles  to  the  petiole.  In  the  evening  this  leaf  com- 
pleted an  ellipse  in  the  course  of  2  h.  On 
the  following  day  (Sept.  25th)  its  moTe- 
nienhs  were  traced  during  22  h.;  and  we 
Bee  in  Fig.  106  that  it  moved  in  the  paine 
general  direction,  due  to  the  Btraightening 
of  the  leaf,  but  m  an  extremely  zigzag  line. 
This  line  lopreBcats  soveral  druwm-out  or 
modified  ellipses.  There  can  therefore  be 
no  doubt  that  tliie  young  leaf  circumnu- 
tated, 

A  rather  old,  horizontally  extended 
leaf,  with  a  filament  atta^ihed  along  the 
under  side  of  the  midrib,  was  next 
observed  during  7  h.  It  liardly  moved, 
but  when  one  of  its  eeusitive  hairs 
was  touched,  the  bladt'8  closed,  though 
uot  very  qmckly.  A  new  dot  was  now 
made  o}i  the  glass,  but  in  the  course  of 
14  h.  2  J  ra.  there  was  hardly  any  change 
iu  Uie  jiosition  of  the  fi^lament  We  may 
therefore  infer  that  an  old  and  only 
moderately  sensitive  leaf  does  not  circum- 
uutate  plainly ;  but  wo  shall  soon  w-o 
that  it  by  no  means  follows  that  sucli 
a  leaf  is  absolutely  motionless.  We  nuiy 
further  infer  that  the  stimulus  from  h 
touch  does  uot  le-excite  plain  circumnu- 
tation. 

Another  full-grown  leaf  had  a  filament 
attached  externally  along  one  side  of  the 
midrib  and  parallel  to  it,  so  that  the  fila- 
ment would  move  if  the  lobes  closed.  II 
ithonld  bo  first  stated  that,  although  a  touch  on  one  of  tho  sensi- 
tive hairs  of  a  vigorous  leaf  causes  it  to  close  quickly,  often 
almost  instantly,  yet  when  a  bit  of  damp  meat  or  some  solution 
of  oartx)nate  of  ammonia  is  placed  on  the  lobes,  they  cloee  so 
slowly  that  generally  24  h.  is  required  for  the  completion  of  the 
act.  The  above  leaf  tvas  first  observed  for  2  b.  30  m.,  and  did 
not  circiinmutatc,  but  it  ought  to  have  been  obscxrcd  for  j. 


thiKBa  mitscifmla:  air- 
cumnutution  of  a 
young  amij  exp^indin^ 
leaf,  traced  uu  a.  hort- 
zdulal  vUisa  iu  dnrk- 
neaa,  froiD  aooa  Sept. 
24th  to  10  A  M.  25th. 
Apex  of  leaf  ISJ 
itichM  frnni  tha  glass, 
so  trttutag  coDaider- 
uhly  inngnifiui]. 


oraf.  rv*. 


DICOTYLEDONS 


241 


longer  period ;  ulthougH,  as  we  hjkve  seou,  a  youug  leaf  com- 
pleted a  &kir\y  lai^e  ellipse  in  2  h.  A  drop  of  an  infxsion  of 
raw  meat  was  then  placed  or  the  Icuf,  and  within  2  b.  the  gloss 
filament  roee  a  little;  and  tluH  implies  that  the  lobes  hod  begun 
to  close,  and  pci'ha]>s  the  petiole  to  rise.  It  oontiuued  to  rise 
with  extreme  slowueBs  for  the  next  8  h.  30  m.  The  poeiiion  of 
the  pot  was  tlieu  (7.15  p.m.,  Sept.  24th)  slightly  chunged  and 
on  additional  drop  of  tho  iufusion  given,  and  a  new  tracing 
was  bogim  (Fig.  1U7).  By  10.<jO  f.u.  the  filament  hod  risen 
only  a  little  more,  and  it  fell  during  the  night  On  the  follow. 
ing  morning  the  lobee  were  cIoRiug  more  quickly,  and  by  5  p.m. 
it  was  evident  to  the  eye  that  they  had  closed  considerably ;  by 
8.!l8  P.M.  this  was  still  plainer,  and  by  10.45  r.M.  the  marginal 
spikes  were  interlocked.  The  loaf  fell  a  little  during  the  night, 
and  next  morning  (25ih)  at  7  a  u.  the  lolws  were  completely 
shut.    The  course  pursued,  as  may  be  seen  in  the  figure,  was 


Fif.  107. 


Okm^SS 


XtiotUB  I  >fnt'cif/ula  :  tlnsur*  of  th«  lobe*  nnd  circurnnittation  of  n  fulJ-growQ 
leaf,  whilul  absorbiog  na  iaruuDU  cif  raw  meat,  trnccd  ioJarkDeM,  from 
7.15  P.M.  S«pt,  24th  to  9  A.M.  26tb.  Apei  of  leaf  8}  iochftx  frAm  tlia 
TerticaJ  gl.-u>s.     Figure  here  reJucet!  to  two-tliirili  of  original  sc&le. 

strongly  zigzag,  and  this  indicates  that  the  closing  of  the  lobes 
was  combined  with  the  circumnutation  of  the  whole  loaf^ 
and  there  cannot  bo  much  doubt,  considering  liow  motionless 
the  leaf  was  during  2  h.  80  m.  before  it  received  the  iufuaion, 
that  the  absorption  of  tho  animal  matter  had  excited  it  to 
circumnutate.  The  leaf  was  occasionally  observwi  for  the  next 
four  days,  but  was  kept  in  t-iither  too  cool  a  place ;  nevertheless, 
it  continued  to  circumnntate  to  a  small  extent,  and  the  lolwa 
remained  closed. 

It  is  sometimes  stated  in  botanical  works  that  the  lolwa  close 
or  eleep  at  night ;  but  tliis  is  an  error.  To  test  the  statement, 
V3ry  long  glass  filaments  were  fixe<l  inside  the  two  lobcts  of 
three  IcAves,  and  the  distances  between  their  tips  were  measured 
in  tbo  middle  of  the  day  and  at  night ;  but  no  difference  could 
be  detected. 

The  previous  observations  relate  to  the  movements  of  the 
vhole  leaf,  but  the  lobes  move  iudopeudently  of  the  iietiole,  and 
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seem  to  hn  coutinufllly  opening  and  shutting  to  a  very  small 
extent.  A  neirly  full-grown  leaf  (afterwards  proved  to  bo 
liigMy  Bcnsitive  to  contact)  stood  almost  burizontatly,  so  that 
by  driring  a  long  thin  pin  through  the  foliaceoua  petiole  close 
to  tho  blade,  it  was  rendorod  raotioulesa.  The  plant,  with 
a  little  triangle  of  puper  attached  to  one  of  the  marginal  spikes, 
was  placed  under  a  microscope  with  an  eye-piece  micromttcr, 
each  division  of  which  equalled  ^^^  of  an  iuch.  The  a]>ex  oi 
the  paper-triangle  was  now  seen  to  be  in  conBtant  slight  move- 
ment; for  in  4  h.  it  crossed  nine  divisions,  or  ^  of  an  inch, 
and  after  ten  additional  hours  it  moved  back  and  had  crossed 
ggo  in  an  opposite  direction.  The  plant  was  tept  in  rather 
too  cool  a  place,  and  on  the  following  day  it  moved  rather  less, 
namo'y,  sin  in  3  h.,  and  yj^  in  an  opposite  direction  during  the 
next  6  h.  The  two  lobea,  therefore,  seem  to  be  constantly 
closing  or  opening,  though  to  a  very  small  distance;  for  we  must 
remember  that  the  little  triangle  of  paper  affixed  to  the  marginal 
apifco  increased  its  length,  and  thus  exaggerated  somewhat  the 
muvement.  Similar  observations,  with  the  important  difference 
that  the  potiolo  was  left  free  and  the  plant  kept  under  a  high 
temperature,  were  made  on  a  leaf,  which  waa  healthy,  but  so  old 
that  it  did  not  close  when  its  sensitive  hairs  wore  repeatedly 
touched,  though  judging  from  other  cases  it  would  have  slowly 
closed  if  it  had  l>een  stimulated  by  animal  matter.  The  apex  of 
the  triangle  was  in  almost,  though  not  quite,  constant  movement, 
sometimes  in  one  direction  and  sometimes  in  an  opposite  one ; 
and  it  thrice  crossod  five  divisioiis  of  the  micrometer  (i.e,  j^  of 
an  inch)  in  30  m.  This  movement  on  so  smalt  a  scale  is  hardly 
comparable  with  ordinary  circumnutation ;  but  it  may  perhaps 
be  compared  with  the  zigzag  lines  and  littlo  loops,  by  which  the 
hirgor  ellipses  made  by  other  plants  are  often  interrupted. 

In  the  first  chapter  of  this  volume,  the  remarkable  oscillatory 
.  movements  of  the  circumnutaling  hypocotyl  of  the  cabbage 
have  bc4;a  descril>ed.  The  leaves  of  Dlonsea  present  the  suuie 
plienomenon,  which  is  a  wonderful  one,  as  viewed  imdcr  a  low 
power  (2-iue.h  object-glass),  with  an  eye-piece  micrometer  ol 
which  each  division  (^^  of  an  inch)  appeared  as  a  rather  wids 
spnco,  The  young  uuex])anded  leaf,  of  which  the  circumnutating 
movements  were  traced  (Fig.  106),  hod  a  glass  filament  fixed 
perpendicularly  to  it ;  and  the  movement  of  the  apc!X  was 
observed  in  the  hot-house  (temp.  84**  to  H6**  F.),  with  light 
admitted  only  from  above,  and  with  any  lateral  currents  o{  aii 
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excluded.  The  npox  Eometimes  crossed  one  or  two  divisioiis  of 
the  miorometer  at  an  imperceptibly  slow  rate,  bnt  generally  it 
moved  onwards  by  rapid  starts  or  jerka  of  -^^^^  or  ji^,  and  in 
one  instance  of  y^^  of  on  inch.  After  each  jerk  forwonls,  the 
apex  drew  itself  backwards  with  comparative  slowness  for  part 
of  the  distance  which  had  just  been  gained;  and  tkoa  uftcr  a 

'  "VotT"  short  time  made  another  jerk  forwards.  Four  conspi- 
cuous jerks  forwards,  with  slower  retreats,  were  seen  on  one 
occasion  to  oecor  in  exactly  one  niinule,  iHjflides  soiao  minor 
oscillations.  As  far  as  we  could  judge,  the  advancing  and 
retreating  lines  did  not  coincide,  and  if  so,  extremely  minute 

'  «lUp6es  were  each  time  described.    Sometimes  tho  apex  remained 

I  quite  motionless  for  a  short  period.    Its  general  course  during 
tlio  several  hours  of  observation  waa  in  two  opposite  directions, 
8u  that  the  leaf  was  pro1)ahly  circumnnlating. 
An  older  leaf  with  the  lobes  fully  expanded,  and  which  waa 

I  afterwardfi  proved  to  be  highly  sensitive  to  contiK^t,  wiw  next 
observed  in  a  similar  manner,  except  t}>at  the  plant  was  exposed 
to  a  lower  temperature  in  a  room.  The  apex  oscillated  forwards 
and  backwards  in  the  same  manner  as  before;  but  the  jerks  for- 
ward were  less  in  extent,  viz.  about  ^^  inch;  and  there  were 
longer  motiouless  poriodB.  As  it  appeared  pos-^iblo  that  tlio 
movements  might  be  due  to  cnrrents  of  air,  a  wax  taper  was 
held  close  to  the  leaf  during  one  of  tho  motiouless  periods,  but 
no  oecillations  were  thus  caused.  After  10  m.,  however,  vigorous 
OBcilhLtions  commenced,  perhaps  owing  to  tho  plant  having  Ikxjii 
warmed  and  thus  stimulated.  The  candle  was  then  removed  and 
before  long  the  oscillations  ceased ;  nevorthelcss,  when  looked  at 
again  after  an  interval  of  lb.  30m.,  it  was  again  oscillating. 
The  plant  was  taken  back  into  the  hot-honse,  and  on  the 
following  morning  was  soon  bo  bo  oscillating,  fchmigh  not  very 
vigoiously.  Another  old  bnt  healthy  leaf,  which  was  not  in  the 
least  sensitive  to  a  touch,  was  lifcewiRe  observed  during  two 
days  in  the  hot-hoiwe,  and  tho  attached  filament  made  many 
little  jerks  forwards  of  about  x-A^  o^  only  ^-^  of  an  inch. 

Finally,  to  ascertain  whotlier  the  lolies  indepondeutly  of  the 
petiole  oscillated,  the  petiole  of  an  old  leaf  was  coraontod  clope 
to  the  blade  with  shelloc  to  the  top  of  a  little  stick  driven  into 
th«  soil.  But  before  tliia  was  done  the  loaf  was  observed,  and 
found  to  lie  vigorously  oficillating  or  jerking;  and  ftfter  it  bad 
lieen  cemented  to  the  stick,  the  oscillations  of  alxiut  yj^g  of 
an  inch  still  continued    On  the  following  day  a  little  infnsion 
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of  mw  meat  was  placed  on  Wio  leaf,  which  cansed  the  lolica  tc 
close  together  very  slowly  in  the  conrRe  of  two  days;  and  the 
08.-JlIatioiis  continued  dnridg  this  whole  time  and  for  the  next 
two  djiya.  Aftor  nine  additional  days  the  leaf  began  to  open 
and  the  mai^ins  wore  a  little  everted,  and  now  the  apex  of  the 
glass  filament  remained  for  long  periods  motiouless,  and  then 
moved  hockwarda  and  forwards  for  a  distance  of  about  ^^  of 
an  inch  slowly,  without  auy  jerks.  Nevertheless,  after  warming 
the  leaf  with  a  taper  held  close  to  it,  the  jerking  movement 
repommciicod. 

This  same  leaf  had  been  observed  2j  months  previously,  and 
was  then  found  to  be  oscillating  or  jerking.  We  may  therefore 
infer  that  this  kind  of  movement  goes  on  night  and  day  for  a 
very  long  period;  and  it  is  common  to  young  unexpanded  leaves 
and  to  leaves  ko  old  as  to  have  lost  their  sensitiveness  to  a 
touch,  but  which  were  still  capable  of  absorbing  nitrogenous 
matter.  The  phenomenon  when  well  displayed,  as  in  the  young 
leaf  just  descrilied,  is  a  very  interesting  one  It  often  bn:)Ught 
before  our  minds  the  idea  of  effort,  or  of  a  small  animal 
struggling  to  escApe  from  some  constraint. 
(16.)  BtimhjpiM  Trnni/asa  (Myrtacea,  Fam.  94). — A  yonng leaf, 
two  inches  in  length  together  with 
the  petiole,  produced  by  a  lateral 
shoot  from  a  cut-down  ti-ee,  was 
observed  in  the  usual  manner. 
The  blade  had  not  as  yet  as- 
sumed its  vertical  position.  On 
June  7th  only  a  few  observations 
were  made,  and  the  tracing  merely 
showed  thtit  the  leaf  had  moved 
three  times  upwards  and  threo 
downwards.  On  the  following 
day  it  was  observed  more  fre- 
quently; and  two  tracings  were 
made  (see  A  and  B,  Fig.  108),  aa 
a  single  one  would  have  been  too 
cc>raphcated.  The  apex  changed 
its  conrse  13  times  in  the  course 
of  16  h.,  chiefly  up  and  down,  but 
The  actual  amount  of  movement 
in  any  one  direction  was  small. 
(17.)  Dahlia  (garden  var.)  (Compositae,  Fom.  122). — A  fine  young 
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Ew:ai;ptus  reiinifara ;  clrcumnQ* 
tntion  of  A  leaf,  tracwl.  A,  fmm 
fi.40  A.M.  to  1  P.M.  Juno  8(li ; 
H,  from  I  P.M.  8th  to  a.30  A.M. 
9lh.  Apex  of  l«af  H{  iacbcs 
from  the  hcri>:ontal  gta-ia,  so 
fi^irea  coDsidernbly  mngnifiod. 

with  some  lateral  movement. 
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loaf  M  inches  in  length,  produced  by  a  yonng  plnnt  2  feet  high, 
growing  rigoroasly  in  a  large  pot,  was  direci4.>d  at  an  an^e  ol 
sUxut45°  beneath  thehoriz'iD.  On  Jnoe  18th  the  leaf  desccndod 
(mm  10  AJi,  till  11  35  i.M.  (see  Tig.  109) ;  it  then  ascended 
greatly  till  6  pji.,  thia  ascent  being  proliably  dno  to  the  light 

Kg.  109. 
/ 


'H'tQ'a.m. 


r^S3^ 


tA 


^' 


DaUti  t  drmniDQtatioa  of  leaf,  traced  frum  10  A  M.  June  IStli  taS.IO  A.M. 
20th,  bub  vith  a  brenk  of  I  h.  40  m,  on  th«  m'Toing  of  t)ie  19th,  u, 
owing  to  the  {;ln»  filament  puinting  too  much  to  one  si'Je,  the  |)0t  had 
to  be  Blighlly  moTcd  ;  therefore  the  relntive  position  of  the  two  tracirigi 
ls«omewbfit  arbitmiy.  The  6gure  here  given  Is  reduced  tounr-lifXh  of 
the  original  scjile.  A|>«z  of  leaf  9  inchei  fruin  the  glan  in  tha  line 
of  its  iDclioation,  and  4f  in  a  horiEontiil  line. 

eoming  only  from  abore.  It  zigzagged  between  6  r.X.  and 
10^0  p.iL^and  ascended  a  little  during  the  night.  It  should  be 
remarked  that  tliu  vertical  distances  in  the  tower  part  of  the 
diagram  are  much  exaj?gerated,  as  the  loaf  was  at  first  deflected 
beneath  the  horizon,  and  after  it  had  sunk  downwards,  the 
filament  pointed  in  a  very  oblique  lino  towards  the  glass.    Next 
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day  the  leaf  descended  from  8.20  a.h.  till  7.15  p.v.,  then  zigzagged 
and  ascended  greatly  during  the  night.  On  the  morning  of  the 
20th  the  leaf  was  probably  beginning  to  doscend,  though  the 
ehort  lino  in  the  diagram  is  horizontal.  The  actual  di»taucee 
travelled  by  the  apei  of  the  leaf  were  considerable,  but  could 
not  be  ealcolated  with  safety.  From  the  ooureo  pursued  on  the 
second  day,  when  the  plant  hod  accommodated  itself  to  the  light 
from  above,  there  cannot  be  much  doubt  that  the  leaves  undergo 
a  daily  periodic  moTement^,  sinking  duriag  the  day  and  rising 
at  night 

(18.)  MuHsia  chmaiii  (Composilffi).— The  leaves  terminate  in 
tendrils  and  circumnutate  like  those  of  other  Icndril-boarers; 
but  this  plant  {&  here  mentioned,  on  account  of  an  erroneous 
statement  *  which  has  been  published,  namely,  that  the  leavefi 
sink  at  night  and  rise  during  the  day.  The  leaves  wMch 
behaved  in  this  manner  had  been  kept'  for  some  days  in  a 
northern  room  and  had  not  been  sufficiently  illnminated.  A 
plant  tliorefore  was  left  undiBttu-bed  in  the  hot-house,  aud  three 
leaves  had  their  angles  meaeured  at  noon  and  at  10  v.v.  All 
three  were  inclined  a  little  beneath  the  horizon  at  noon,  hut  one 
Blood  at  night  T,  the  second  21°,  and  tho  third  10''  Iiigher  than 
in  the  middle  of  the  day;  so  that  instead  of  sinking  they  rise 
a  little  at  night. 

(19.)  CycUmen  Persicum  (PrimulacesB,  Fam.  135?.^A  yonng 
leaf,  1'8  of  an  inch  in  length,  petiole  included,  produced  by  an 
old  root-stock,  was  observed  during  throe  days  in  the  usual 
raanoer  (Fig.  110).  On  the  first  day  the  leaf  fell  more  than  after- 
wards, apparently  from  ailjusting  ilself  to  the  light  from  above. 
On  all  three  days  it  fell  from  the  early  morning  to  about  7  p.m., 
and  from  that  hour  rose  duriug  tho  night,  the  course  being 
slightly  zigzag.  The  movement  therefore  is  strictly  periodioL 
It  should  bo  noted  that  the  leaf  would  have  sunk  each  evening 
a  little  lower  down  than  it  did,  had  not  the  glass  filament  rested 
between  5  and  6  p.m.  on  the  rim  of  the  pot.  The  amonnt  of 
movement  was  conaidcrable ;  for  if  wo  aasmme  that  the  whole 
leaf  to  the  has©  of  the  petiole  became  bent,  the  tracing  would 
tie  magnified  rather  loss  than  five  times,  and  this  would  give 
to  the  apex  a  riBC  and  fall  of  half  an  inch,  with  fomc  lateral 
movement  This  amount,  however,  would  not  attract  attention 
withunt  the  aid  of  a  tracing  or  measurement  of  some  kind. 


*  'Tho  MovrmcDla  nnd  HubUt  of  Clirubiiig  Tlnnti,'  IS?.*!,  p.  118 


Doo.  5tU  at  ar.  angle  of  13^  beneath  the  horizon,  bnt  hy  9.S0  p.bl 

the  blade  liad  straightened  itseU 
BO  much,    which    implies    the 

\  raising  of  the  apex,  that  the 

chord  now  stood  at  37°  abore  tlie 
horizon,  and  had  therefore  riaen 
-»  5U°.    On  the  next  day  similar 

angular  measurements  of  the 
same  leaf  were  mode;  and  at 
noon  the  chord  stood  36°  be- 
neath the  horizon,  and  9.30  p.m. 
3r  above  it,  bo  bad  risen  391°. 
The  chief  caiiso  of  the  rising 
movement  lies  in  the  straighten' 
ing  of  the  blade,  bnt  the  short 
petiole  rises  between  4°  and  5°. 
On  the  third  night  the  chord 
Btood  at  35°  above  the  horizon, 
and  if  the  leaf  occtijiied  the 
same  position  at  noon,  aa  on 
the  previona  day,  it  hod  risen 
71°.  With  older  leaves  no  such 
change  of  cni-vature  could  bo 
detected.  The  plant  was  then 
brought  into  the  house  and 
kept  in  a  north-cast  room,  but 
at  night  there  was  no  change 
in  the  curvature  of  the  young 
leaves;  8o  that  previons  expo- 
sure to  a  stroDg  light  is  appa- 
rently requisite  for  tlio  periodi- 
cal change  of  curvature  in  the 
blade,  and  for  the  slight  rising 
of  the  petiole. 

(21,)  FFtyawii'i  (Hydroleaccaj, 
Fam.  149).— Professor  Pfeffer 
informs  us  that  the  leaves  of  tliis 
plant  rise  in  the  evening ;  bnt  as 
wo  do  not  know  whether  or  not 
the  riaiug  is  great,  this  species 
ought  perhaps  to  be  clamed 
amongst  sleeping  planta 


Ip9tu7iut  eiotjega  :  downward  moTe- 
m*-!!!  «ii(l  circumauUtinn  of  a 
TrfFT  Ttutii!  leaf,  tractfd  from  10 
A.M.  Juuc  2Dd  to  9.20  A.M.  Juu« 
6ili-  N.B. — At  6.40  A.M.  on  tin 
5th  it  wM  Dficessaiy  to  move  the 
pot  ft  little,  aad  a  new  tniciag 
WAS  beguD  nt  the  point  where 
two  dots  are  not  joined  In  tlia 
di^igram.    Apex  of  leaf  7  inches 

■from  the  varlicrtl  glass.     Temp. 

-geDenlly  17^°  C. 
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(JZa.)  Prtmnim  hUvm  (finkwf.  Fan.  loT).— A  f«i7  TM^V 
leaf,  only  I  iocb  in  ]fiOgtli«  hi^dy  JnrHnwl  vprnde,  wm  tIbmrw&X 
Tor  four  d&78.  Doniig  tlie  whole  cftlUs  ttea  it  h«Btoimranis 
and  dovnvards,  m>  is  to  beenBB  note  sad  mare  neaily  bofi- 
zonUL  The  strongly  nmlcad  ngng  line  in  tte  igsn  ca  p.  348 
{Fig.  Ill),  fiboTs  that  tioB  vh  eflbded  I7  "*«^'*H  dicsB- 
uuUtiou ;  ftud  daring  the  Utter  part  of  tlie  tone  then  vie  mcfa 
ordinary  circnmnutatian  on  a  GmaU  scale.  Tin  moreBMiit  ni 
the  diagram  is  magnifiwi  between  10  and  11  tixues.  Is  exhibits 
a  dear  trace  of  periodicity,  aa  the  leaf  loae  a  little  each  ereniog; 
but  this  upwiund  tendency  appeared  to  be  afanost  oonqnend  by 


Fie.  11^ 


the  leaf  striring  to  beocnoe  more  and 
more  horizontal  as  it  grew  older.  The 
angles  which  two  older  leaTCB  fbnned 
tc^tber,  were  measorod  in  tl»  eren- 
iog and  about  noon  on  3  snoceaave 
d&ys,  and  each  night  the  angle  d^ 
Closed  a  little,  though  irregularly. 

(23.)  AeanUtus  mcilu  (Acanthaoec, 
Pam.  168).  —  The  younger  of  two 
leares,  3(  inches  in  length,  petiole 
included,  produced  by  a  seedling 
plant,  was  obeerved  during  47  h. 
Early  on  each  of  the  three  mom- 
ingR,  the  apex  of  the  leaf  fell ;  and 
It  contjuued  to  fall  till  3  pm.,  on 
llie  two  afternoons  when  observed. 
After  3  PJf.  it  rose  considerably,  and 
ooiitiuued  to  rise  on  the  second  night 
until  the  eiirly  niorniug.  But  on 
the  lirst  night  it  fell  instead  of  rising, 
and  we  have  little  doubt  that  this 
was  owing  to  the  leaf  being  very 
young  and  beeoming  through  epi- 
nastic  growth  more  and  more  hori- 
Eontal;  for  it  may  be  seen  in  the 
diagram  (Fig.  112),  that  the  leaf  stood 
on  a  higher  level  on  the  first  than  on 
tho  second  day.  The  leaves  of  an 
allied  apeciee  (A.  njiinosus)  certainly 
nwe  every  night ;  and  the  rise  between  noon  and  10.15  p-m.. 
when  measured  on  one  occasion,  was  10°.    This  rise  was  chiefly 


Acanthut  ma7i<;circu[LinutA< 
tioD  of  JoKtUg  lenf,  trAced 
from  9.20  a.h.  .Iun«  Uth 
to  8.30  A.M.  16th.  Ai'ox 
of  IcBf  11  inuh«s  IVom  th« 
vertical  pTiss,  »o  niorcniral 
Rflnsi(l«ral>1y  tnngiii6e>l. 
Figure  hen:  reduccti  toaD*- 
half  of  iiri2iti.-(l  rcnl«. 
Temp.  l.'i«-ltii''C. 
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or  excloslTe]  J  dne  to  tho  Btraightcning  of  the  blade,  and  not  to 
the  morement  of  tlie  petiole.  We  may  therefore  conclude  that 
the  leaves  of  Acanthus  circuranalate  periodically.  Calling  in  the 
morning  and  rising  in  the  afternoon  and  night 

(24.)  Cannabis  mtiva  (Cannabinese,  Fam,  195). — We  have  ^ 
here  the  rare  case  of  leaves  moving  downwardfi  in  (he  evoning,  > 
but  not  to  a  sufBcient  degree  to  l>e  called  sleep.*  In  the  early 
morning,  or  in  the  latter  part  of  the  night,  tliey  move  upwards. 
For  institnce,  all  the  young  leaves  near  the  summit*  of  several 
stems  stood  almost  horizontally  at  8  a.m.  May  29th,  and  at 
10.30  p.nL  were  considerably  declined.  On  a  snbsequent  day  two 
loaves  stood  at  2  p.m.  nt  21*^  and  12^  beneath  the  horizon,  and  at 
10  p.H.  at  SUP  beneatb  it.  Two  other  leaves  on  a  yonnger  plant 
were  horizontal  at  2  p.m.,  and  at  10  P-m.  bad  snnk  to  36"  beneath 
the  horizon.  With  respect  to  this  downward  movement  of  the 
leaves,  Eraus  believes  that  it  is  dne  to  their  epinastic  growth. 
He  adds,  that  the  leaves  are  relaxed  during  the  day,  and  tenFe 
at  night,  botliin  sunny  and  rainy  weather. 

(25.)  Pinus  pinttstfr  {OoTdioreOj  Fftm.  223). — The  leaves  on  the 
Bummits  of  the  terminal  Bhoots  stand  at  first  in  a  bundle  almost 
upright,  bat  they  soon  diveige  and  ultimately  become  almost 
horizontal.  The  movements  of  a  yoimg  leaf,  nearly  one  inch  in 
length,  on  the  summit  of  a  seedling  plant  only  3  inches  high, 
were  traced  from  the  early  morning  of  Jnne  2nd  to  the  evening 
of  tho  7th.  During  these  five  days  the  leaf  diverged,  and  its  apex 
descended  at  first  in  an  almost  straight  line ;  but  dnring  the  two 
latter  days  it  zigzagged  so  much  that  it  was  evidently  circnmnu- 
tating.  The  same  little  plant,  when  grown  to  a  height  of  5  iache^, 
was  again  observed  durmg  four  days,  A  filament  was  Bn-d 
transversely  to  the  apex  of  a  leaf,  one  inch  in  length,  and  which 
hod  already  diverged  considerably  from  its  originally  upright 
position.  It  continued  to  diverge  (see  A.  Fig.  118),  and  to 
descend  from  11.45  a.m.  July  Slst  to  G.40  a.m.  Aug.  Ist  On 
August  1st  it  oircumnutated  about  the  same  small  spac;^,  and 
again  descended  at  night.  Next  morning  tlie  pot  was  moved 
nearly  one  inch  to  the  right,  and  a  new  tracing  was  begun  (B). 
From  this  time,  viz.,  7  a.m.  August  2nd  to  8.20  a.m.  on  the  4th 


*  We  w«re  led  to  obcerve  thiB 
plHDt  by  Dr.  CfiTl  Kraut*  paper, 
*  lleiti«^«  xar  Kontoita  dcr  Bewe- 
^ngen  WachMnidor  Luuhbliittcr,' 


Fkra.l879,p.66.  We  regret  that 
we  cannot  fully  underslaml  parti 
of  ihU  fwper. 
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the  leaf  manifestlf  cirdunnatatbd.  It  does  not  appear  from  the 
diagram  that  the  IeaT€S  txtore  periodically,  for  tha  deaoending 
tftarae  daring  ibe  firBt  tvo  nigUte,  was  clearly  dae  to  epinastie 


^a'dS'a.m.  XK* 


Fi«.  lU. 


9''*0'iuiU^ 


a'20'uMt.4 


Prnt*  pintjiier:  cirtcmautatioa  of  joaog  Unf,  triicad  ft'otn  11.45  A.11. 
July  nut  to  B.20  A.U.  Aag.  4tK.  At  7  A.H.  Aug.  2rtJ  the  pot  v-u 
movc<i  ftn  inch  to  on«  iitle,  co  that  the  trncjni;  casiiUtJi  of  two  hgaiv«. 
Apex  of  leaf  14|  iacbei'  rr'>ni  tho  rertical  gluB,  m  ntovemeats  mncb 
tOBgoified. 

growth,  and  at  the  close  of  our  olvscrvalionR  tho  leaf  was  not 
oeajrly  so  horizontal  as  it  woiikl  iiltiinatcty  btM^ome. 

Pinua  aiutriaca. — Two  leaves,  3  inches  in  length,  but  not 


r^ 
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qmte  falty  grown,  produced  by  a  lateral  eboot.  on  a  young  tree 

3  feet  in  Leight,  were  obfierred  daring  29  b.  (July  Slst).  in  the 

same  mannor  as  tbc  leaves  of  tbe  previous  species.    Both  these 

leaves  certainly  circumnutatod,  making 

^6- 1^"*'  witbin  the  above  period  two,  or  two  and 

a  balf,  (tmall,  irregular  ellipses. 

(26.)  Cyam  fvctinatit  (Cycadesd,  Fuia 
224).  —  A  young  loaf,  llj  inclies  iu 
length,  of  which,  the  leaflets  had  only 
recently  become  nncnrlcdj  was  observed 
during  47  h,  30  m.  The  main  petiolo 
was  aecured  to  a  stick  at  the  ham  of  the 
two  terminal  leaflets.  To  one  of  the 
latter,  3!  inches  in  length,  a  filameui 
was  fixed ;  the  leaflet  was  much  bowed 
downward,  but  as  the  terminal  part  was 
upturned,  the  filament  projected  almost 
horizontally.  Tbe  leaflet  moved  (see 
Fig.  114)  largely  and  periodically,  for  it 
fell  until  abont  7  p.m.  and  rose  during 
the  night,  falliog  again  next  morning 
after  6.40  a.m.  The  descending  lines 
are  in  a  marked  manner  zigzag,  and  Ro 
probably  would  have  been  tbe  ascending 
lines,  if  they  had  been  traocd  throughout 
the  night. 


Ojfcaa  p0itinata :  circuta-' 
■utntioQ  of  oa«  of  tht 
Ivrmiuni  ieAtleU,  traced 
from  S.M  AH.  Juno 
22di1  to  8  A.U.  June 
24th.  Apex  of  lenHet 
7f  incheii  from  the  ve> 
ticJil  glA.^9,  8o  tmdng 
uot  ^realty  mngnitieil, 
and  hvn  ri'ducu'l  to 
ooe-tliird  of  original 
«c«l«i  tiimi>,  19°-Jl*'C. 
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(27.)  Canna  Warseewictii  (Cannaccse, 
Fom.  2). — The  movements  of  a  j'oung 
leaf,  8  inches  iu  length  and  81  in 
breadth,  produced  by  a  vigorous  young 
plant,  were  obeervod  during  45  h. 
50m., as  ehowri  in  Fig.  116,  The  pot 
was  slided  about  an  inch  to  the  right  on  the  mornJug  of  the 
lllh,  as  a  single  figure  would  have  l»ccn  too  compUeated;  Imt 
the  two  figures  are  continuous  in  time.  The  movement  is 
periodical,  as  the  leaf  descended  from  the  early  morning  until 
about  5ru.,  and  aHceudod  during  the  rest  of  fche  evening  and 
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|tet  of  the  night.    Oo  the  evening  of  the  1  Ith  it  cirooniDaUUK) 
OD  a  email  scale  for  aomo  time  about  the  same  spot, 


7 


Cmma  Waneeuiaiit  arcumDaUtioo  of  leaf,  traced  (A)  from  11.30  i.a 
June  10th  to  6.40  A.H.  lUh  ;  nod  (B)  from  6.40  A.M.  llth  to  8.40  A.1I 
l-2th.     Apflz  of  leif  9  inches  from  the  venical  glua. 


Fig.  U». 


(23.)  Iris  pseiuio-cieorus  (Iride»,  FEun.  10). — The  movenienU 
of  a  yotuig  leaf,  risiog  13  inches  above  the  water  in  which  the 
plant  grew,  were  traced  as  sliown  in  the 
figuK)  (Fig.  116),  during  27  h.  30  m. 
It  manifestly  circumnu  fated,  though 
only  to  a  email  extent  On  the  Rccond 
morning,  between  6.40  a.si  and  2  pji. 
(at  which  latter  hour  the  figure  here 
given  ends),  the  apex  changed  its  coarse 
five  times.  Diiringtheneit8h.40m.it 
zigzagged  much,  and  descended  as  far 
08  the  lowest  dot  in  the  figure,  making 
in  its  coarse  two  very  email  ellipses; 
bni  if  these  lines  had  been  added  to 
the  diagram  it  would  have  been  t(x> 
oomplex. 

(29.)  Ct-inum  Cnperue  (Amaryllideje, 
Fam.  11).— The  leaves  of  this  plant 
are  remarkable  for  their  great  length 
and  narrowness:  one  was  mt^asured 
and  found  to  be  53  inches  long  and 
only  14  broad  at  the  base.  Whilst  quito  young  they  ataiid  up 
ahuusi  vertically  to  the  height  of  about  a  ftx)t;  afterwarde 


Tris  pseudo^aconu :  circttin- 
DatatiuQ  of  ]u.-if,  tmce{} 
from  10.30  A.M.  Mnyl^ath 
to  2  P.M.  'iHh.  TraciDji 
continued  to  11  r.H.,  but 
Dot  here  copied.  Apex 
of  i«nf  12  inches  bcnoatli 
the  horizontal  glosii  so 
figure  eooaldenilfly  maz- 
nilied.    Temp.  16*>-16'»C. 
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their  tips  begin  to  bend  over,  and  flubeequenily  hang  yerticallj 
down,  and  thus  continue  to  grow.  A  rather  yoong  leaf  was 
aelected,  of  which  tSi©  dependent  tapering  point  was  as  yet  only 
61  inchee  in  length,  the  nprigfat  basal  part  being  20  incbee  high, 
though  this  part  would  ultimately  become  shorter  by  being 
more  bent  over.  A  large  bell-glass  waa  placed  over  the  j  lant, 
with  a  hla^  dot  on  one  side;  and  by  bringing  the  dependent 
apex  of  the  leaf  into  a  lino  with  this  dot,  the  accompauyiug 
figure  (Fig.  117)  was  traced  on  the  other  aide  of  the  bell,  during 
2i  days.  During  the  first  day  (22nd)  the  tip  travelled  laterally 
Ear  to  the  left,  perhaps  in  consequence  of  the  plant  baring  been 

Fig.  in. 


Cn'num  captuse:  drcumnutation  of  dependent  tti>  of  young  leaf,  traced  oa 
a  belUglaM,  from  10.30  P.M.  M&y  22nd  to  10.15  A.H.  2Mb.  Figare  uofc 
grefttly  tnagnified. 

di8turl>ed;  and  the  last  dot  made  at  10.30  p.m.  on  this  day  is 
alone  here  given.  As  we  see  in  the  figure,  there  can  be  no 
doabt  that  the  apex  of  this  leaf  circumnutated. 

A  glass  filament  with  little  triangles  of  paper  was  at  the 
same  time  fixed  obliquely  across  the  tip  of  a  still  younger  leaf, 
which  stood  vertically  up  and  was  as  yet  straight.  Its  move- 
ments were  traced  from  3  p.m.  May  22nd  to  1015  a.m.  25th. 
The  leaf  was  growing  rapidly,  so  that  the  apex  ascended  greatly 
during  this  period ;  as  it  zigzagged  much  it  was  clearly  circmn- 
nntating,  and  it  apparently  tended  to  form  one  ellipse  each 
day.  The  lines  traced  during  the  night  were  mnoh  more  vertical 
than  those  traced  during  the  day ;  and  this  indicates  that  the 
tracing  would  have  exhibited  a  nocturnal  rise  and  a  diurnal 
fall,  if  the  leaf  had  not  grown  so  quickly.  The  movement  of 
this  same  leaf  after  an  interval  of  six  days  {filay  Slst),  by  which 
time  the  tip  had  ourred  outwards  into  a  horizontal  position^ 


obaf.  ly. 
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utd  had  thns  made  the  first  Btep  towards  becoming  depeDdentj 
ntifi  tracoil  orthogoniually  hy  the  aid  of  a  cube  of  wood  (in  thfl 
manner  before  explained);  and  it  was  thus  asctirtained  that  tlie 
actual  distance  trayelled  hy  the  apex,  and  due  to  circnmnulation, 
was  3|  inches  in  the  course  of  201  h.  During  the  next  24  h.  it 
tmTGlIed  Si  inches.  The  drcumnutating  movement,  therefore, 
of  this  young  leaf  waa  struugljr  marked. 

(30.)  FanaxUium  littoraie  (Amar>  Llidcffi). — The  moTements, 
much  magnified,  of  a  leaf,  9  inches  in  length  and  inclined  at 
shout  45°  abore  tho  Lorizon,  were  traced  during  two  dajs.  On 
the  first  day  it  ohauged  ite  course  completely,  upwards  and 
downwards  and  lattirally,  9  times  in  12  h. ;  and  the  figure  traced 
apparently  represented  five  elHpsea.  On  the  second  day  it  was 
observed  scldomer,  and  was  therefore  not  seen  to  change  it« 
coarse  so  often,  viz.,  only  6  times,  but  in  the  same  complex 
manner  as  before.  The  movements  were  small  in  extent,  but 
there  could  bo  no  doubt  abont  the  circumnutation  of  the  loafl 

(3L)  ImatopJiytium  vel  Clivia  (sp.  ?)  (Amaryllide»). — A  long 
glass  filament  was  fixed  to  a  leaf,  and  the  angle  formed  by  it 
with  the  horizon  was  measured  occaaioiiatly  during  three  suc- 
cessive days.  It  fell  each  morning  until  between  3  and  4  f.x., 
nod  rose  at  night.  Tho  smallest  angle  at  any  time  atiove  the 
horizon  waa  4iJ**,  and  the  largest  fiO°;  so  that  it  rose  only  2* 
at  night;  but  as  this  was  observed  each  day,  and  as  similar 
ohserviitions  were  nightly  made  on  another  leaf  on  a  distinct 
plant,  there  can  bo  no  doubt  that  the  leaves  move  periodically, 
though  to  a  very  small  extent  The  pasition  of  the  apex  when 
it  stood  highest  was  *8  of  an  inch  above  its  lowest  point. 

(32.)  Pistia  8tratioie$  (Aroideie,  Fam.  80).  —  Hofineister 
remarks  that  tho  leaves  of  this  floating  water-plant  are  more 
highly  inclined  at  night  than  by  day.*  We  therefore  fastenurt 
a  fine  gkss  filament  to  the  midrib  of  a  moderately  young 
leaf,  and  on  Sept.  19th  measured  the  (ingie  which  it  formed 
with  the  horizon  14  times  between  9  a.m.  and  11.50  p.m.  Tho 
temperature  of  the  hot-house  varied  during  the  two  days  of 
observation  between  18J°  and  23i°  C.  At  9  a.m.  the  filament 
stood  at  32**  above  tho  horizon ;  at  3.34  p.m.  at  10°  and  at 
11.50  r-iL  at  66" ;  these  two  latter  angles  being  the  highest  and 
the  lowest  observed  during  the  day,  showing  a  differenoe  of  46". 
The  rising  did  not  become   strongly  marked  nntil  between 


*  Die  Lehre  von  der  Pflonzenzelle,'  18ti7t  p-  327. 
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fi  and  6  p.m.  On  the  next  day  the  leaf  stood  at  only  10"  tk\>ova 
the  horizon  at  8  25  a.m.,  and  it  remained  at  about  15  ^  till  past 
3  P.M.;  at  5.40  p.m.  it  was  23^  and  at  9,30  r.M.  5b";  so  that 
the  rise  was  more  eudticn  this  evening  than  on  the  previnua 
one,  and  the  difference  in  the  angle  amounled  to  48**.  The 
raovemont  is  obviously  periodical,  and  as  tho  leaf  stood  on  the 
first  night  at  55",  and  on  the  second  night  at  58°  above  the 
horizon,  it  appeared  very  steeply  inclintxl.  This  case,  as  ttc 
Bball  see  in  a  future  chapter,  ought  perhaps  to  have  been 
included  under  the  head  of  sleeping  pfauts. 
(SS.)  fonUderia  (sp.  ?)  (&om  the  highlands  of  St.  Cathariua, 


Pic.  118. 


> 


Ponted^-ia  (sp.  7):  circumnntAt'on  ef  traf,  tnioed  from  4.50  P.H.  July  2Bil 
to  [0.15  A.U.  4tfa.  A|)CX  01  leaf  lU}  laches  from  the  rerUcal  gUst,  m 
tracing  greatly  magalfieil.  Ttinp.  abnat  17*  (X,  ind  therefore  rathar 
too  low 

Brazil)  (Pontederiacesa,  Fam.  46). — A  filament  was  fixed  across 
the  apex  of  a  moderately  young  leaf,  7i  inches  in  height,  and 
its  movements  were  traced  during  4*2l  h.  (see  Fig.  118).  On 
the  first  evening,  when  the  tracing  was  begun,  and  during  the 
night,  tho  le-af  descended  considerably.  On  the  next  morning 
it  Qficended  in  a  strongly  marked  zigzag  line,  and  descended 
again  in  tho  evening  and  during  tho  night  The  movement, 
therefore,  sccma  to  be  periodic,  but  some  doubt  is  thrown  on 
this  conclusion,  because  another  leaf,  8  inches  in  height, 
apjiearing  older  and  standing  more  highly  inclimxl,  1ichavo<I 
differently.    During  the  first  12  h.  it  circumnittatod  over  a 
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small  space,  but  during  the  night  and  the  whole  following  day 
it  ORCeDdod  in  the  same  general  direction;  the  BBcent  being 
effected  by  repeated  up  and  down  welUpronouncod  OBCillations. 

Cryptociams. 

(31.)  Kephrodium  molle  (Filices,  Fam.  1). — A  Glament  was 
fljtod  near  the  apex  of  a  young  froud  of  this  Fern,  17  inches 
in  height^  which  was  not  as  yet  fully  uuourlt;d ;  and  its  move- 
uu&ts  were  traced  during  24  b.     We  see  in  Fig,  119  that  it 

Fif.  lift. 


Ai^pAretfium  owlle:  circumnutition  of  racbis,  trnotd  from  9.1S  A.il.  Ma; 
2Bik  to  9  A.H.  29th.     Figure  herp  given  two-thirds  of  origiDsl  acule. 

plainly  circuranutated.  Themovement  wasnot greatly  magnified 
ag  the  frond  was  placed  near  to  the  vertical  glasa.  and  would 
jwobably  have  been  greater  and  more  rapid  had  the  day  hocn 
warmer.  For  the  plant  was  lirought  out  of  a  warm  greenhouao 
and  observed  under  a  skylight,  where  the  tempemture  woe 
between  island  16''C.  We  have  seen  in  Chap. I. that  a  frond  of 
this  Fern,  as  yet  only  slightly  lobed  and  with  a  rachis  only  '23 
inch  in  height,  plainly  circumnutated.* 


*  Mr.  Loomifl  find  Prof.  Ata 
Rrav  liaTB  described  ('  Botanical 
riiiTcttf^,'  1880.  pp.  27,  -iS).  an 
wtrernely  curious  case  "f  innTc- 
raent  in  the  frunds,  but  only  In 
ttie  fnilttng  fronds,  of  AtpUnium 
trrchotitane*.  They  move  aliuottt 
u   rapidly  u  tho  little  leaflets 


of  Degmitdium  ifymn»,  altftmatoly 
backwards  ond  forvrards  thnnigb 
fmrn  20  Ut  40  dftf;n"*^^' '"  n  plane  at 
right  nng]*.'a  to  thnt  of  tlit*  fnnd, 
Tlif  opox  of  the  frond  denrrihpa  "  a 
]oii2  and  very  narrow  cllipae,*'  «o 
tl)»t  it  circumnntatcs.  But  tlio 
movciuenl  diffcni  from  ordinary 
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la  the  chapter  on  the  Sleep  of  Plants  the  conspicuous  circam- 
nutation  of  Marsilea  (/ua/Jii/oliata  (Marsiieactife,  Fam.  4}  will  be 
dotscribed. 

It  has  also  been  shown,  in  Chap.  I.  that  a  very  yonng  Seia~ 
gin^la  (Lycopodiaceco,  Fam.  6),  only  '4  inch  in  height,  plainly 
circumnutated ;  we  may  theretbre  conclude  that  older  plaata^ 
wkilat  growing,  would  do  tho  same. 

(aO.)  Lunuiaria  vulgaris  (Hepaticae,  Fam.  11,  Muscales). — 
The  earth  in  an  old  flower-pot  was 
ooatdd  with  this  plant,  bearing 
gemmffi.  A  highly  inclined  frond, 
which  projected  3  inch  above  the 
soil  and  was  '4  inch  in  breadth,  was 
selected  for  observation.  A  glasa 
hair  of  extreme  tenuity,  75  inch 
in  length,  with  its  end  whitened, 
was  cemented  with  shellac  to  the 
frond  at  right  angles  to  its  breadth ; 
and  a  white  stick  with  a  minute 
black  gpot  was  driven  into  the  soil 
close  behind  the  end  of  the  hair. 
The  white  end  could  be  accurately 
brought  into  a  line  with  the  black 
Bpot,  and  dots  could  thus  be  sac- 
oessively  made  on  the  vertical 
glass-plate  in  front  Any  move- 
ment of  the  frond  would  of  course 
be  exhibited  and  increased  by  the 
long  gta&s  hair  -,  and  the  black  spot 
was  placed  so  close  behind  the  end 
of  the  hair,  relatively  to  the  dis- 
tance of  the  g'oss-plate  in  front, 
that  the  movement  of  the  end  was 
magnified  about  40  times.  Nevor- 
thelese,  we  are  convinced  that  our 
tracing  gives  a  fairly  faithful  re- 
presentation of  the  movements  of 
tho  frond.  Tn  the  intervals  between  each  observation,  the  plant 
was  covereil  by  a  small  bell-glaee.    The  frond,  as  already  stated. 


CnnvImavafgirU:  oircBmautrt- 
tion  of  a  frontl,  traced  from 
9  X.U.  Oct  25tb  to  8  A.M.  27th. 


rirRrimnutatiun  aa  it  oooars  only 
ffhcn  the  plant  Le  exposed  to  the 

light;    even    urtiftcMal    tiglit    •*  il 


snfflclcnt  to  excite  motioD  for  i 
few  minutoa." 
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iras  highl^r  inclined,  and  the  pot  stood  in  front  of  a  north-eafit 
^ndov.  During  the  five  first  dajs  the  fnmd  moved  downwards 
or  became  less  inclined;  and  the  long  line  whicli  was  traced 
was  stronglj  zigzag,  with  loops  occasionally  formed  or  nearlj 
formed;  and  this  indicated  circa nmutation.  Whether  the  sink- 
ing was  due  to  epinnstic  growth,  or  apheliolropism,  we  do  not 
know.  As  the  sinking  was  slight  on  the  fifth  day,  a  new  tracing 
wiis  lieguu  ou  the  sixth  day  (Oct.  25th),  and  was  continued 
for  47  h. ;  it  is  here  given  (Fig.  120),  Another  tracing  was  made 
on  the  next  day  (27th)  and  the  frond  was  found  to  he  still  oir> 
ciimuutating,for  dnriug  14  h.  30  m.  it  changed  its  course  com- 
pletely (besides  minor  cl^ges)  10  times.  It  was  casualty 
observed  for  two  more  days,  and  was  Been  to  be  continiiftlly 
moving. 

The  lowest  members  of  the  vegetable  series,  the  Thallogena, 
apparently  circumnutote.  If  an  Oscillaria  be  watched  under 
the  microscope,  it  may  be  seen  to  describe  circles  about  every 
40  seconds.  After  it  has  bent  to  one  aide,  the  tip  tirst  beginN 
to  bend  back  to  the  opp^isite  side  and  then  the  whole  filament 
curves  over  in  the  same  direction.  Ho&aeister*  has  given  a 
minute  account  of  the  curious,  but  less  regular  though  constant, 
movements  of  Spirogyra:  during  24  h.  the  filament  moved  4 
times  to  the  left  and  '3  times  to  the  right,  and  he  refers  to  a 
movement  at  right  angles  to  the  above.  The  tip  moved  at  the 
rate  of  about  0*1  mm.  in  five  minutes.  He  comporefi  the  move- 
ment with  the  nutation  of  the  higher  plant^.f  We  shall  hereafter 
see  that  hcliotropic  movements  result  from  modified  circnm- 
nutation,  and  as  unicellular  Moulds  bend  to  the  light  we  may 
infer  tliat  they  also  circumnutate. 


^ 


CoNOLUPiNO  Remarks  on  the  CiRotJMNUTATiOH 
OF  Leaves. 

The  circumnutating  movements  of  young  leaves  in 
33  genera,  belonging  to  25  families,  widely  distributed 


•  •TJober  die  Bpwegiingnn  der 
Fnden  dftr  Sfiirngrjra  prince ft»i 
Jabreshefte  deaVertjin«  liirTitter- 
Uodiscbe  Maturkunde  in  Wurt- 
temberp,'  1874.  p.  211. 

1  Zakalalaort.'niark8(a8quMed 
In  *Jonni^  R.  Mioroficop.  Soa.,* 


movements  nf  Spinibna,  a  ronm- 
her  of  the  Oscillntoriea',  lire  clnstly 
annlogooa  '*  Ui  Iho  well-known 
rotation  of  growiog  ahoou  and 
teodrils.'* 
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amongst  ordinary  and  gymnospermous  Dicotylcdona 
and  amongst  Monocotyledons,  together  with  several 
Cryptogam3,  have  now  been  described.  It  would, 
therefore,  not  be  rash  to  aasxune  that  the  growing 
leaves  of  all  plants  circumnutate,  as  we  nave  seen 
reason  to  conclude  is  the  case  with  cotyledons.  The 
seat  of  movement  generally  lies  in  the  petiole,  but 
flometimes  both  in  the  petiole  and  blade,  or  in  the 
blade  alone.  The  extent  of  the  movement  differed  much 
in  different  plants ;  but  the  distance  passed  over  was 
never  great,  except  with  Pistia,  which  ought  perhaps 
to  have  been  included  amongst  sleeping  plants.  The 
angular  movement  of  the  leaves  was  only  occasionally 
measured ;  it  commonly  varied  firom  only  2°  (and  pro- 
bably even  less  in  some  instances)  to  about  10*^;  but 
it  amounted  to  23^^  in  the  common  bean.  The  move- 
ment is  chiefly  in  a  vertical  plane,  but  as  the  ascending 
and  descending  lines  never  coincided,  there  was  always 
some  lateral  movement,  and  thus  irregular  ellipses 
were  formed.  The  movement,  therefore,  deserves  to 
be  called  one  of  circumnntation ;  for  all  circumnuta- 
ting  organs  tend  to  describe  ellipses, — that  is,  growth 
on  one  side  is  succeeded  by  growth  on  nearly  but  not 
quite  the  opposite  side.  The  ellipses,  or  the  zigzag 
lines  representing  drawn-out  ellipses,  are  generally 
very  narrow;  yet  with  the  Camellia,  their  minor  axes 
were  half  aa  long,  and  with  the  Eucalyptus  more  than 
half  as  long  as  their  major  axes.  In  the  c^ise  of  Cissus, 
parts  of  the  figure  more  nearly  represented  circles  than 
ellipses.  The  amount  of  lateral  movement  is  therefore 
sometimes  considerable.  Moreover,  the  longer  axes 
01  the  successively  formed  ellipses  (as  with  the  Bean, 
Cissus,  and  Sea-kale),  and  in  several  instances  the 
zigzag  lines  representing  ellipses,  were  extended  in 
very  different  directions  during  the  same  day  or  on 
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the  next  day.  The  course  followed  was  curvilinear  or 
straight,  or  slightly  or  strongly  zigzag,  and  little  loops 
or  iriiLugles  were  often  formed.  A  single  large  irregular 
ellipse  may  be  described  on  one  day,  and  two  smaller 
ones  by  the  same  plant  on  the  next  day.  With  Drosera 
two,  and  with  Lupiaus,  Eucalyptus  and  Pancratium, 
several  were  formed  each  day. 

The  oscillatory  and  jerking  movements  of  the  leaves 
of  DionjEO,  which  resemble  those  of  the  hypofotyl  of 
tJio  cabbage,  are  highly  remarkable,  as  seen  under  the 
microscope.  They  continue  night  and  duy  for  some 
months,  and  are  displayed  by  young  unexpanded  leaves, 
and  by  old  ones  which  have  lost  their  sensibility  to  a 
touch,  but  which,  after  absorbing  animal  matter,  close 
their  lobes.  We  shall  hereafter  meet  with  the  same 
kind  of  movement  in  the  joints  of  certain  Graminere, 
and  it  is  probably  common  to  many  plants  while  cir- 
cumnutating.  It  is,  therefore,  a  strange  fact  that  no 
such  movement  could  be  detected  in  the  tentacles  of 
Drosera  rotundifotiat  tliough  a  member  of  the  same 
family  with  Dionoja  ;  yet  the  tentacle  which  waa  ob- 
served was  so  sensitive,  that  it  began  to  curl  inwards 
in  23  seconds  after  being  touched  by  a  bit  of  raw  meat- 
One  of  the  most  interesting  (acts  with  respect  to 
the  circum nutation  of  leaves  is  the  periodicity  of  their 
movements;  for  they  often,  or  even  generally,  rise  a 
little  in  the  evening  and  early  part  of  the  night,  and 
sink  again  on  the  following  morning.  Exactly  the 
same  phenomenon  was  observed  in  the  case  of  coly* 
ledons.  The  leaves  in  16  genera  out  of  the  33  which 
were  o^jserved  behaved  in  this  manner,  as  did  probably 
2  others.  Nor  must  it  be  supposed  that  in  the  remain- 
ing 15  genera  there  was  no  periodicity  in  their  move- 
mtnts;  for  6  of  them  were  observed  during  too  short 
a  period  for  any  jurlgment  to  be  formed  on  thia  head 
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and  3  were  so  young  that  their  epinastic  growth 
which  serves  to  bring  them  down  into  a  horizontal 
position^  overpowered  every  other  kind  of  movement. 
In  only  one  genus,  Cannabis,  did  the  leaves  sink  in 
the  evening,  and  Kraua  attributes  this  movement  to 
the  prepotency  of  their  epinastic  growih.  That  tlie 
periodicity  is  determined  by  the  daily  alternations 
of  light  and  darkness  there  can  hardly  be  a  doubt,  aa 
will  hereafter  bo  shown.  Insectivorous  plants  are 
very  little  affectod,  as  far  as  their  movements  are  con- 
cerned, by  light ;  and  hence  probably  it  is  that  their 
leaves,  at  least  in  the  cases  of  Sarracenia,  Drosera,  and 
DionsBa^  do  not  move  periodically.  The  upward  move- 
ment in  the  evening  is  at  first  slow,  and  with  different 
plants  begins  at  very  different  hours ; — with  Gluucium 
as  early  as  11  a.m.,  commonly  between  3  and  5  P.M., 
but  sometimes  as  late  as  7  P.M.  It  should  be  observed 
that  none  of  the  leaves  described  in  this  chapter 
(except,  as  we  believe,  th(»e  of  I/upimis  spec^iosus) 
possess  a  pulvinus ;  for  the  periodical  movements  o( 
leaves  thus  provided  have  generally  been  amplified 
into  so-called  sleep-movements,  with  which  we  are  not 
here  concerned.  The  fact  of  leaves  and  cotyledons 
frequently,  or  even  generally,  rising  a  little  in  the 
evening  and  sinking  in  the  morning,  is  of  interest  as 
gi\dng  the  foundation  from  which  the  specialised  sleeji- 
movementa  of  many  leaves  and  cotyledons,  not  pro- 
vided with  a  pulvinus,  have  been  developed.  The 
above  periodicity  should  be  kept  in  mind,  by  any  one 
considering  the  problem  of  the  horizontal  position  of 
leaves  and  cotyledons  during  the  day,  whilst  illumi* 
oated  &om  above. 
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CHArTER  V. 
MoDiriKD  CiBcrMNCTATiaN:  CuMsmo  Plah  g ;  Ei*i»astio  amd 

HTPONAai'IO   AIOTEMINTfl. 

Cijuumn Illation  looclilletl  through  iinmie  cftUBee  or  through  tbo  action 
of  cxtcrual  coodiltons — Iiiiintti  cuum-'s— Cliuibjutcpltttits;  iiuuliiirily 
of  tlidr  iDOVt'uiL-uU  wiUi  ihosc  ufoi'diuury  jiliintH  ;  incn-asDcl  umplj- 
tiiile:  owuBioni*!  poinU  of  diflV-renco— Epmaiitio  growth  of  juinitf 
luuvofr — Uf  pouBfitto  growth  <if  tiio  hypn-otylj  und  epiL-ot^'ls  of  neeil- 
liugn — Boc>ked  tipB  of  cliuibitig  uud  oUilt  pUiutii  duu  Lu  iiiOLlitlud 
cj n; am n Illation  - —  Aiii]ii-h>p<iii  triou>^pid(iL(i  —  Biiilthin  I'fundii  — 
l:^triiightt-iiing  of  thu  lip  due  to  hyp^uiiRty— Epinnttio  gmwUi  aud 
cirvuiiiiiuiution  of  the  flowor-ptiduiiclt^s  uf  TriifoJiuiii  repena  and 
Oxtilid  cuiuosa. 

The  radicles,  liypocotjls  aud  epit^otyls  of  seedling 
piaiita,  even  before  iliey  eiuerge  Iroiii  tbti  ground,  and 
afterwards  the  cotyledons,  are  all  coutiuually  circuiu- 
natating.  Bu  it  is  with  the  steins,  stolons,  flowor- 
jH-'duucles,  and  leavus  of  older  plants.  We  may,  there- 
fore, infer  with  a  considerable  degree  of  safety  that  all 
the  growing  parts  of  all  plants  circlimnutate.  Although 
this  movement,  in  its  ordinary  or  unmodified  state, 
appears  in  some  cases  to  be  of  service  to  plants, 
either  directly  or  indirectly — for  instance,  the  circuin- 
nutation  of  the  radicle  in  penetrating  the  ground,  or 
that  of  the  arched  hypoeotyl  and  epicotyl  in  breaking 
through  the  surface — yet  circumnutation  is  so  genend, 
or  rather  so  universal  a  phenomenon,  that  we  cannot 
suppose  it  to  have  been  gained  for  any  special  pur- 
pose. We  must  believe  that  it  follows  in  some  un- 
known way  from  the  manner  in  which  vegetable  tissues 
grow. 
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We  sliull  uuw  coiLsider  the  many  cases  in  which 
3ircuiiniiitation  has  been  modifieil  fur  various  special 
l>urpijscs ;  tlmt  is,  a  movement  already  in  progress  ia 
temp<irarily  increased  in  some  one  direction,  and  tem- 
porarily diminished  or  quite  arrested  in  other  direc- 
tions. These  cases  may  1**^  divided  in  two  sub-classfs; 
in  one  of  which  the  modification  depends  on  innate  or 
constitutional  causes,  and  is  independent  of  external 
conditions,  excepting  in  so  far  that  the  proper  ones  for 
growth  must  be  present.  In  the  second  sub-class  the 
modification  depends  to  a  large  extent  on  external 
aj^encies,  such  as  the  daily  alternations  of  light  and 
darkness,  or  light  aloue,  temperature,  or  the  attraction 
of  gravity.  The  first  small  sub-class  will  be  considered 
in  the  present  chapter,  and  the  second  sub-class  in  the 
remainder  of  this  volume. 


The  Cirodmnutation  of  Climbing  Plants. 

The  simplest  case  of  modified  eireuauuitation  is  that 
offered  by  climbing  plants,  with  the  exception  of 
those  which  climb  by  the  aid  of  motionless  hooks  or 
of  rootlets  :  for  the  modification  consists  chiefly  in  the 
greatly  increased  amplitude  of  the  movement.  This 
would  follow  either  from  greatly  increased  growtli  over 
a  small  length,  or  more  probably  from  moderately  in- 
creased growth  spread  over  a  considerable  length  of  the 
moving  organ,  preceded  by  turgescence,  and  acting  suc- 
cessively on  all  sides.  The  circumnutation  of  climbers 
is  more  regular  than  that  of  ordinary  plants;  but  in 
almost  every  other  respect  there  is  a  close  similarity 
between  their  movements,  namely,  in  their  tendency 
to  describe  ellipses  directed  succtissively  to  all  points 
of  the  compass — in  their  courses  being  often  inter- 
rupted   oy   zigzag    lines,   triangles,   loops,    or    suiull 
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ellipses — in  the  rate  of  movement,  aud  in  different 
»pccies  revulviug  once  or  aeverul  limes  within  tlie  samo 
length  of  time.  In  the  same  internode,  the  move- 
ments cease  first  in  the  lower  part  and  then  slowly 
upwards.  In  both  sets  of  cases  the  movement  mav  bii 
modltled  iu  a  closely  analogous  manner  by  gootropisiu 
and  by  heliotn^pism ;  though  few  climbing  plants  are 
Aeliotropic.  Other  points  of  similarity  might  be 
pointed  out. 

That  the  movements  of  climbing  plants  consist  of 
ordinary  circumnutation,  modified  by  being  increased 
in  amplitude,  is  well  exhibit^  whilst  the  plants  are 
very  young ;  for  at  this  early  age  they  move  like  other 
seedlings,  but  as  they  grow  older  their  movements 
gradually  increase  without  undergoing  any  other 
change.  That  this  power  is  innate,  and  is  not  excited 
by  any  external  agencies,  beyond  those  necessary  for 
growth  and  vigour,  is  obvious.  No  one  doubts  that 
this  power  has  been  gained  for  the  sake  of  enabling 
climbing  plants  to  ascend  to  a  height,  and  thus  to 
reach  the  light.  This  is  effect<*d  by  two  very  different 
methods;  first,  by  twining  spirally  round  a  support 
but  to  do  so  their  stems  must  be  long  and  flexible  ; 
and,  secondly,  in  the  ease  of  leaf-climbers  and  tendril- 
bearers,  by  bringing  these  organs  into  contact  with  a 
support,  which  is  then  seized  by  the  aid  of  their 
sensitiveness.  It  may  bo  here  remarked  that  these 
latter  movements  have  no  relation,  as  far  as  we  can 
judge,  with  circumnutation.  In  other  cases  the  tips 
of  tendrils,  after  having  been  brought  into  contict  with 
a  support,  become  developed  into  Lttle  discs  which 
adhere  firmly  to  it. 

We  have  said  that  the  circunmutation  of  climbing 
plants  differs  from  that  of  ordinary  plants  chiefly  by 
its  greater  amplitude.      But  most  leaves  circumuuCate 
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in  an  almost  vertical  plane,  and  therefore  describe  very 
narrow  ellipses,  whereas  the  many  kinds  of  tend  ri  is 
whiuii  consist  of  metamoiphosGd  leaves,  make  much 
hroader  ellipses  or  nearly  circular  figures;  and  thu:! 
they  have  a  far  better  chance  of  catching  hold  of  .* 
support  on  any  side.  The  movements  of  climbin^j 
phints  have  also  been  modified  in  some  few  other 
Bpecial  ways.  Thus  the  circTimnutatiug  stems  of  Soi- 
nanum  dulcamara  can  twine  round  a  support  only 
when  this  is  as  thin  and  flexible  as  a  string  or  thread. 
The  twining  stems  of  several  British  plants  cannot 
twine  round  a  support  when  it  is  more  than  a  few 
inches  in  thickness ;  whilst  in  tropical  forests  some 
can  embrace  thick  trunks ;"  and  this  great  difference 
in  power  depends  on  some  unknown  difference  in 
their  manner  of  circumnutation.  The  most  remarkable 
special  modification  of  this  movement  which  we  have  ■ 
observed  is  in  the  tendrils  of  Echmocystis  lobota;  these  * 
are  usually  inclined  at  about  45*^  above  the  horizon, 
but  they  stiffen  and  straighten  themselves  so  as  to 
Btand  upright  in  a  part  of  their  circular  course,  namely,  ■ 
when  they  approach  and  have  to  pass  over  tiie  summit  I 
of  the  shoot  from  which  they  arise.  If  they  had  not 
possessed  and  exercised  this  curious  p'jwer,  they  would 
infallibly  have  sU"Uck  against  the  suniinit  of  the  shoot 
and  been  arrestel  in  ihuir  course.  i\8  soon  as  one  of 
tliese  tendrils  with  its  three  branches  begins  to  stiffen 
itself  and  rise  up  vertically,  the  revolving  motion 
becomes  more  ni[)id ;  and  as  soon  as  it  lias  jMisscd 
over  the  point  of  difficulty,  its  rrotion  coinciding 
with  that  from  its  own  weight,  causBh  it  to  fall  into  its 
previously  inclined  position  bo  quickly,  that  the  apex 
uan  be  seen  travelling  like  the  hand  oi  a  gigantic  clock. 
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A  iargo  number  of  ordinary  leaves  and  leaflets  and 
tt  few  flower- peduncles  are  provided  witk  pulvini ;  but 
this  is  not  the  case  with  a  single  tendril  at  present 
known.  The  cause  of  this  difference  probably  lies  in 
the  fact,  that  the  chief  service  of  a  pulvinus  is  tn 
prolong  the  movement  of  the  part  thus  provided  after 
growth  has  ceased  ;  and  as  tendrils  or  other  climbing- 
orj^ans  are  of  use  only  whilst  the  plant  is  increasing 
in  height  or  growin^r,  a  pulvinus  which  served  to 
prolong  their  movements  would  be  useless. 

It  was  shown  in  the  last  chapter  that  the  stolons  or 
runners  of  certain  plants  circumuutate  largely,  anrl 
that  this  movement  apparently  aids  them  in  finding  a 
|>aj3sage  between  the  crowded  stems  of  adjoining  plants. 
If  it  could  be  proved  that  their  movements  had  been 
modified  and  increased  for  this  special  purpose,  they 
ought  to  have  been  included  in  the  present  cliapter; 
but  as  the  amplitude  of  their  revolutions  is  not  so 
conspicuously  different  from  that  of  ordinary  plants, 
HS  in  the  case  of  climbers,  we  have  no  evidence  on 
this  head.  We  encounter  the  same  doubt  in  the  case 
of  some  plants  which  bury  their  pods  in  the  ground. 
This  burying  process  is  certaiuly  favoured  by  the 
c ire um nutation  of  the  flower-peduncle ;  but  we  do  not 
know  whether  it  has  been  increased  for  this  special 
purpose. 

Epinasty — Hyponasty, 

The  term  epinasty  is  used  by  De  Vries  •  to  eiprosn 
greater   luugitudiunl    growth   along  the   upper  than 


•  *ArlK;iteTi    dc«    Br>t,     Tntt., 

in  WiJntburg.'  Hcftii.  1872,  p.  22y. 
D»  Vries  b»B  slightly  modtflcil 
(p.  252;  the  monning  of  Uil-  iibove 
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along  the  lower  side  of  a  part,  which  is  thus  caused  to 
bend  do\vnwards ;  and  hyponasty  is  used  for  the  reversed 
process,  by  which  the  part  is  made  to  bend  upwards. 
These  actions  coiue  into  play  so  frequently  that  the 
use  of  the  above  two  terms  ia  highly  convenient  The 
movements  thus  induced  result  from  a  modified  form 
of  CLTCumnutation  ;  for,  as  we  sliall  immediately  see, 
an  organ  under  the  iullueuco  of  epiuasty  does  not 
generally  move  in  a  straight  Jine  downwards,  or  under 
that  of  hyponasty  upwards,  but  oacillates  up  and  down 
with  &ome  lateral  movement :  it  moves,  however,  in  a 
preponderant  manner  in  one  direction.  This  shows 
that  there  is  some  growth  on  all  sides  of  the  part,  but 
more  on  the  upper  side  in  the  case  of  epiuasty,  and 
more  on  the  lower  side  in  that  of  hyponasty,  than  on 
the  other  sides.  At  the  same  time  there  may  be  in 
addition,  as  De  Vries  insists,  increased  growth  on  one 
sido  due  to  geotropism,  and  on  another  side  due  to 
heliotropism ;  and  thus  the  effects  of  epinasty  or  of 
hyponasty  may  be  cither  increased  or  lessened. 

He  who  likes,  may  speak  of  ordinary  circumnutation 
as  being  combined  with  epinasty,  hyponasty,  the  effects 
of  gravitation,  light,  &c. ;  but  it  seems  to  us,  from 
reasons  hereafter  to  be  given,  to  be  more  correct  to 
say  that  circumnutation  is  modified  by  these  several 
agencies.  We  will  therefore  speak  of  circumnutation, 
which  is  always  in  progress,  as  modified  by  epinasty, 
hyponasty,  geotropism,  or  other  agencies,  whether 
internal  or  external. 

One  of  the  cnrnmoncst  and  simplest  cases  of  epinasty  is  that 
oirprc<l  by  leavea,  wliitih  n.t  an  early  age  are  crowded  tc^othor 
round  the  bads,  aud  diverge  as  tbey  prow  older.  Sachs  first 
remarked  that  this  was  due  to  incrcaseU  p*owth  along  theuppe*' 
Bide  of  the  petiole  and  blade;  and  De  Vrios  has  now  fihown  in 
more  dclail  thai;  the  moTetaent  is  thus  caused,  aided  Kligbtly  b; 
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the  wtiight  of  the  leaf,  and  resisted  as  ho  believes  by  apogeo- 
tropism,  at  leaf;!  after  ttic  leaf  haR  sotiiowlmt  diverged.  In  cur 
ol>sen"ation8  on  the  circnranulation  of  leaves,  some  were  Belected 
which  wore  rather  too  young,  so  Uiat  they  continued  to  diverse 
or  sink  downwards  whilst  their  niovomente  were  lieing  tracctl. 
This  may  be  seen  in  the  diagi-aros  (Figs,  98  and  H2,  pj).  232 
and  249)  representing  tho  cireuniiiutaliDii  of  ilic  young  leaves  ot 
Acaiithm  ni'Min  and  I'^fniyoinfm  zomih.  Similar  cafres  wore  oV 
ecrved  with  Brosera.  The  movements  of  a  young  leaf,  only  j  inch 
in  lcng:th,  of  Petmtia  violaccu.  were  traced  during  four  days,  and 
offers  a  hotter  instance  (Fig.  Ill,  p.  248),  as  it  diverged  during 
the  whole  of  this  time  in  a  eurioasly  zigzag  lino  with  some  of  the 
angles  shai-ply  acute,  and  during  tie  latter  days  plainly  circmu- 
nutatcd.  Some  young  leaves  of  about  the  same  age  on  a  plant 
of  this  Petunia,  which  had  been  laid  horizontally,  and  on  another 
plant  wliich  was  left  upright,  l)oth  being  kept  in  complete  dark- 
nees,  diverged  in  the  same  manner  for  48  h.,  and  apparently 
were  not  affected  by  apogeotropism ;  ihongli  their  stems  were  in 
a  state  of  high  tension,  for  when  freed  from  the  sticks  to  which 
they  had  been  tied,  they  instantly  curlod  upwards 

The  leaves,  whilst  very  young,  on  tho  loading  shoots  of  the 
Carnation  (P*a/-(/i"s  caryuphtjlUis)  are  lughly  iucliued  or  vertical ; 
and  if  the  plant  is  growing  vigorously  they  diverge  so  quickly 
that  they  become  almost  horizontal  in  a  day.  But  they  move 
downwards  in  a  rathei*  oblicjue  lims  and  continue  for  Gome  time 
afterwards  to  move  in  the  same  direction,  in  conneotion,  we  pre- 
fiiune.  with  their  spiral  arrangement  on  the  steio.  The  coureo 
ptiTBued  by  a  young  leaf  whilst  thus  obliquely  descending  was 
Inieed,  and  the  lino  was  distinctly  yet  not  Rtrongly  zigzag;  the 
larger  angles  formed  by  the  successivo  linps  amounting  only  to 
135°,  154",  and  1G3".  The  subeeitnent  lateral  movement  (shown 
in  Fig.  %,  p.  231)  was  strongly  zigzag  with  occasional  circum- 
nutations.  The  divei^ence  and  sinking  of  the  young  leaves 
of  this  plant  seom  to  be  very  little  affected  by  geotropiBm  or 
heliotropism;  for  a  plant,  the  Ic-aves  of  which  were  growing 
rather  slowly  (as  ascertained  by  measurement)  was  laid  hori- 
Bontally,  and  tho  opposite  yoxmg  leaves  diverged  from  one 
another  symmetricjilly  in  the  usual  manner,  without  any  up- 
turning in  tho  direction  of  gravitation  or  towards  tho  light. 

The  needle-like  leaves  of  iHnus  pi-naahr  form  a  bundle  whilst 
young ;  afterwards  they  slowly  diverge,  so  that  those  on  the  up- 
right shoots  become  horizontal.    The  movements  of  ob6  Bach 
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young  leaf  was  traced  duriug  4^  days,  and  the  tracing  hero  given 
(Fig.  liU)  shows  that  it  descended  at  Hint  is.  n  nearly  straight 

iiuc,  but  afterwards  zigzagged, 


ri«.  ni. 


Pin*.  jMiHcr:  cpioftstic  downward 
movcftisnt  of  a  jrouDg  leaf,  pro- 
duced by  a  young  plunt  in  a  pc>t, 
tnoed  OQ  ■  vcrticnl  ginss  nnder  a 
ftXTlight,  fVnm  t).4.'V  a,U.  June  2[i<! 
to'l0.40  P.M.  6th. 


making  one  or  tvro  little  loops. 
The  diverging  and  descend- 
ing movements  of  a  luther 
older  leaf  were  also  traced 
(see  former  Fig.  113,  p.  251) : 
it  descended  during  tlie  first 
day  ii[i(l  night  in  o.  some- 
what zigzag  line;  it  then  cir- 
cumnutatcil  round  a  Bnmtl 
Kpaco  and  again  dcscenderl. 
By  this  time  the  leaf  hiul 
nearly  assimied  its  final  posi- 
tion, and  now  plainly  circum- 
nutated.  As  in  the  case  of  the 
Carnation,  Hie  leaves,  whilst 
very  young,  do  not  seem  to  be 
much  aflfected  hy  gcotropisra 
or  heliotropiam,  for  those  on  a 
young  plant  laid  horizontally, 
and  thoee  on  another  plant 
left  iipriglrt,  both  kept  in  the 
dark,  ccmtinued  to  diverge  in 
the  usual  manner  without 
bending  to  either  side. 

With  Cuban  »can<iens,  the 
young  leaves,  as  they  ancces- 
sivoly  diverge  from  the  lead- 
ing shoot  which  is  bent  to 
one  sidii,  rise  tip  so  as  to  pro- 
ject vertically,  and  they  retain 
this  position  for  some  time 
whilst  the  tendril  is  revolving. 
The  diverging  and  aser-ntling 
movemonts  of  the  petiole  of 
one  snch  a  leaf,  were  traced  on 
A  vertical  glass  under  a  sky- 
light; and  the  course  pursued 
was  in  most  parts  nearly 
straight,  but  there  vrara  twc 
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well-marked  zigzaga  (one  of  them  forming  an  angle  of  112°^( 
and  this  indicates  circnmnutation, 

Tho  fitiU  closed  lobes  of  a  young  leaf  of  Bionica  projected  at 
right  angles  to  tho  pctiolo,  and  irero  in  tho  nc.t  of  slowly  rifling. 
A  glass  tilamcnt  was  uttachod  to  tho  under  sido  of  tho  mi(irih| 
and  its  moToments  were  traced  on  a  vertical  glass.  It  circuni' 
utitutod  once  in  the  ovenini;,  and  on  tho  next  day  rose,  as  already 
described  (see  Fig.  106,  p.  2-40),  by  a  numl»er  of  acutely  zi(:zag 
Uttes,  closely  approaching  in  character  to  ellipses.  This  move- 
ment no  doubt  was  duo  to  opiimsty,  aided  by  npogeotropism, 
fur  the  uloAod  lob«B  of  a  very  yoting  leaf  on  a  plant  which  hod 
bocD  placed  horizontally,  moved  into  nearly  tho  Bamo  lino  with 
tliu  petiole,  as  if  tho  plant  Imd  stood  upright;  but  at  the  same 
time  the  lobos  curved  laterally  upwards,  and  thus  occupied  an 
unnatural  position,  obliquely  to  the  plane  of  tho  foliaceous  peliolo. 

As  the  hypocotyls  and  epicotyle  of  some  plants  protrude  from, 
the  seod-ooats  in  an  arched  form,  it  is  doubtful  whether  the 
arching  of  these  \nxi-U,  which  is  invariably  present  when  they 
break  through  the  ground,  ought  always  to  be  attributed  to 
epinaaty;  hut  when  they  are  at  first  straight  and  afterwania 
become  aroliec],  an  often  happens,  tho  arching  is  certainly  due  to 
epinasty.  As  loug  as  the  arch  is  surrounded  by  compact  earth 
it  mnst  retain  its  form;  but  as  soon  as  it  rises  above  the 
surface,  or  even  before  tliia  period  if  artificially  freed  from  tho 
surrouoding  pressure,  it  bcgina  to  straighten  itself,  aud  this  no 
doubt  IB  mainly  due  to  hyponasiy.  Tlie  movement  of  the 
upper  and  lower  half  of  tho  nrch,  and  of  the  crown,  was  occo- 
8i<maily  traced ;  and  the  course  was  more  or  less  zigzag,  showing 
uiodifiod  circumnutatiou. 


With  not  a  few  plants,  oapecially  climbers,  tho  summit  of  the 
shoot  is  hooked,  so  that  the  apex  points  vertically  downwards. 
In  seven  genera  of  twining  phuits  *  the  hooking,  or  as  it  has  been 
called  hy  Sachs,  tlie  nutation  of  the  tip,  is  mainly  due  to  an 
exaggerated  form  of  circmnnutution.  That  is,  the  growth  is  so 
great  along  ono  side  that  it  bends  tho  shoot  completely  over  to 
the  opposite  side,  thus  forming  a  hook ;  the  longitudinal  line  or 
Kone  of  growth  then  travels  a  little  laterally  round  the  shoot, 
and  the  hook  points  in  a  slightly  different  direction,  and  so 
onwards  uniiJ  the  hook  is  completely  reversed.     Ultinuitely  it 


'  TIk  Blovvmenta  ami  If&bits  of  Oliinbing  PlantV  ^ml  edit.  n.  13, 
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oometback  to  the  point  whence  it  stnrtcH.  This  was  ascertninod 
by  painting  imrmw  lines  with  Indian  ink  along  the  convex 
surface  of  seYeral  hooks,  and  the  line  was  foaiid  slowly  to  1x3- 
oome  at  first  lateral,  then  to  appear  along  tho  eoncaTo  Bnrfixco, 
and  nitimatoly  ba<;k  apain  on  the  convex  surface.  In  the  case  of 
Jjonicfra  hrachypfxia  the  hooked  terminal  pirt  of  tho  revolving 
shoot  Btraightena  itself  periwHoally,  Imt  is  never  i-evcreeti ;  that 
is,  the  periodically  increased  growth  of  tho  concave  side  of  the 
hook  is  Bnflicient  only  to  straighten  it,  and  not  to  bend  it  over 
to  Lho  opposite  side.  The  hooking  of  the  tip  is  of  scyvico  to 
twining  plants  by  aiding  them  to  catch  hold  of  a  BU|)port,  and 
afterwards  by  enabling  this  part  to  embrace  the  support  mnch 
more  closely  than  it  could  otherwise  have  rlone  at  Krst,  thns 
preventing  it,  as  wo  often  observed,  from  being  blown  away  by  a 
strong  wind.  Whether  the  advantage  thus  gaiaed  by  twining 
plants  accounts  for  their  Rummits  being  bo  frequently  hooked, 
■we  do  not  know,  as  this  structure  is  not  very  rare  with  plants 
which  do  not  climb,  and  with  someclimbers  (for  instance,  Vitis, 
Ampelopsis,  Cissus,  &c.}  to  whom  it  docs  not  afford  any  assist- 
ance in  climbing. 

With  respect  to  those  cafies  in  which  the  tip  remains  alwAys 
bent  or  hooked  towanls  the  same  side,  as  in  the  genera  just 
named,  the  most  obvious  explanation  is  that  the  bending  is  duo 
to  continued  growth  in  excess  along  the  convex  eido.  Wicsncr, 
however,  maintains*  that  in  all  cases  tho  hooking  of  the  tip  is 
the  result  of  its  plasticity  andweight,^a  conclusion  which  from 
what  we  have  already  seen  with  several  climbing  jihints  is 
certainly  erroneous.  Nevertheless,  we  fully  admit  that  the 
weight  of  the  part,  as  well  as  geotropism,  dlicc.,  sometimes  oomo 
into  play. 

Amptlop&is  tricwpidafa. — This  plant  climbs  by  the  aid  of 
adhesive  tendrils,  and  the  hooked  tips  of  the  shoots  do  not 
appear  to  l>e  of  any  service  to  it.  The  hooking  depends  chiefly, 
as  far  as  wo  could  ascertain,  on  tho  tip  l>eing  affoctdd  by  epinasty 
and  geotropism ;  tho  lower  and  older  parts  continually  straight- 
ening thconKelvea  through  hyponasty  and  apogeotropism.  Wo 
beliove  that  tho  weight  of  tlie  aT>ex  is  an  unimportant  element, 
liocaufic  on  honzontal  or  inclintd  shoots  the  hook  is  often 
extende<l  horizontally  or  even  faces  upwards,  Moreover  shoots 
Etequeutly  form  loops  instead  of  hooks ;  and  in  this  cam  the 


*  Hitzb.  der  k.  Abfid.  der  WissenscbV  Vienna,  jRa  1880,  p.  IC 


tixtreme  part,  instead  of  hang- 
ing vertically  down  as  woxiUl 
follow  if  weight  was  tbe  eSJcieut 
cause,  extends  horizontally  or 
even  points  upwarde.  A  .shoot, 
wbicU  lerroiuated  in  a  rather 
open  hook,  was  fastened  in 
a  highly  inclined  downward 
position,  so  that  the  concave 
Kide  faee^l  apxvnn]s,  and  the 
result  waa  that  the  a]>ex  at  first 
curved  upwards.  This  ap- 
parently was  dno  to  epinasty 
and  not  to  apogeotropism,  for 
the  apex,  soon  after  pacing 
the  perpendicular,  curved  bo 
rapidly  downwards  that  wo 
could  not  donbt  that  the  move- 
ment was  at  least  aided  by 
geotropism.  In  the  coui-i^e  of 
a  few  hours  the  liook  wa«  thus 
convertwl  into  a  loop  with  the 
njwx  of  the  slioot  pointing 
straight  downwards.  The 
longer  axis  of  the  loop  was  at 
first  horizontal,  but  after- 
wards became  vertical.  During 
this  Bame  time  the  basal  part 
of  the  nook  (and  Mihseqneutly 
of  the  loop)  curved  itself  slowly 
upwards ;  and  this  must  have 
been  wholly  due  to  apogeo- 
tropism in  oppasiiion  to  hypo- 
nasty.  The  loop  was  then 
fantened  upside  down,  m  tliat 
its  basal  half  would  be  simuU 
tAueoualy  acted  on  by  hypo- 
nasty  (if  present)  and  by  apo- 
geotropism; andnowitcurvfid 
itself  80  greatly  ujiwards  in 
the  course  of  only  4h.  that 
there  could  hardly  be  a  doubt 
that  lx>th  forces  were  acting 


Aii-pttopsii  ii-icusf/id'jta :  hrmn^iittir 
niovetnint  of  hooked  tip  af  tending 
shoot,  trnc<><l  from  S.IO  A.V.  July 
13lh  to  8  A.M.  l.'.th.  Aiwxuf  shoot 
f>^  iurhes  from  the  vertical  glosk 
Plant  illuminiktcj  through  n  sky- 
lijtht.  Temp.  irji^-l&^C.  Diugmni 
reduced  to  one-tliin.!  oforiginii:  M-al^ 
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BntitUt  Pfnuiit:  hrprtiKulicmovcTnrnt 
lift  he  narrcdniitnni  it  of  astern,  vbilst 
atrniithteiiiD^  itself,  trnccd  from  9 
A.U.July  lOili  to  3  P.H.  13th.  Apex 
0)  inches  fi-nm  the  vertical  gliLH-i. 
iJln^nm  rudncod  to  uHn-iilth  of 
oriirlnnl  ^calc.  Plant  illuminiitcti 
thr"«sh3ltjlijht;iumr.17i*-19*C. 
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together.  At  tho  eame  time 
tUe  loop  became  open  and 
'wss  thus  recoQ^i3rted  into  a 
hook,  and  this  apparently 
vms  effected  by  the  geotropio 
movement  of  the  apex  in 
oppositioQ  to  epiuiisly.  lu 
the  case  of  Ami>dopsis  hede- 
rami.  Weight  plays,  as  far  aa 
we  could  judge,  a  more  im- 
portant part  in  tho  liootting 
of  the  tip. 

In  order  to  ascertain 
•whether  the  shoots  of  A.  tri- 
cu.ipid'ita  in  straightening 
themselTe.3  nndcr  tho  com- 
bined action  of  hyponafity  auil 
apc^eotropiHui  moTod  in  a 
simple  straight  course,  or 
whether  they  circumnutatcfl, 
glus8  filaments  vere  fixed  to 
the  crowns  of  four  hooked 
tips  standiDg  in  their  natural 
pofiition ;  and  the  movements 
of  the  filaments  were  traced 
on  a  Terticat  glass.  All  four 
tracings  resembled  each  other 
in  a  general  manner ;  but  wo 
will  giTC  only  one  (8cc  Fig. 
122,  p.  273).  Th3  filament 
rose  at  first,  which  sliows 
that  the  hook  wns  straighten- 
ing  itself;  it  then  zigzaggtxl, 
moving  a  little  to  the  left 
between  y.25  a.m.  and  9  p.m. 
From  this  latter  htuir  on  the 
13th  to  10.50  A.M.  on  the  fol- 
lowing momiDg  (14th)  tho 
Iiook  continued  to  straighten 
itFelf,  and  then  zigzagged  a 
short  distance  to  tho  right. 
But  from  1  r.M.  to  30.40  pjs. 
the  Uth  tlio  moTcment 
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was  reTcrsed  and  the  shoot  l>ccaTne  raore  liookod.  During 
the  night,  after  10.40  p.m.  to  8.15  a.m.  on  tho  15th,  the  hook 
o^ain  opened  or  straightened  itself.  By  tliia  time  tlio  glass 
filament  had  become  so  highly  inclined  that  its  movements  could 
no  longer  bo  traced  with  accuracy ;  and  by  1.30  I'.m.  on  this  same 
day,  the  crowTi  of  the  former  ai-ch  or  htx>k  had  l)ecointj  perfectly 
Btraif^lit  and  vertical.  There  can  therefore  l>e  no  doubt  that  Iho 
Btraightoniug  of  the  hooked  shoot  of  this  plant  is  effected  by 
the  circumnutation  of  the  arched  portion — that  is,  by  growth 
alternating  Iwtween  the  up|>er  and  lower  surface,  but  prepon- 
derant on  the  lower  surface,  with  some  little  lateral  movement. 

We  were  enabled  to  trace  tho  movement  of  another  straight- 
ening shoot  for  a  longer  period  (owing  to  its  slower  growth  and 
to  its  having  been  placed  further  from  tho  vertical  glass),  namely, 
from  the  early  morning  on  July  13th  to  late  in  the  e  vening  of  the 
16th.  During  the  whole  daytime  of  the  Uth,  the  hook  etraight- 
eued  itself  very  little,  hut  zigzagged  and  plainly  circumnutatcd 
about  nearly  the  same  spot.  By  the  Itith  it  had  become  nearly 
straight,  and  the  tracing  was  no  longer  accurate,  yet  it  was 
manifest  that  there  was  BtitI  a  considerablu  amount  of  uiovemeot 
both  up  and  down  and  laterally;  for  the  cruwn  whilst  con- 
tinuing to  straighten  itself  occasionally  became  for  a  short  time 
more  curved,  causing  the  fllauient  to  descend  twice  during  tite 
day. 

HmWiia  Pftmdii. — The  stiff  terminal  shoots  of  this  Legn- 
rainouB  water-plant  from  Africa  project  so  qe  to  make  a  rectangle 
with  the  stem  below ;  but  this  occurs  only  when  the  plants  are 
growing  vigorously,  for  when  kejtt  in  a  cool  place,  th«  siimmits 
of  the  atoms  become  straight,  as  they  likewise  did  at  tho  close 
of  the  growing  season.  Tho  tUructiou  of  tho  rectaugnlorly  bent 
port  ia  independent  of  the  chief  source  of  hglit.  But  from 
oliaerving  the  effects  of  placing  plants  in  the  ihirk^  in  wliich 
case  several  shoots  l»eciu]ie  in  twn  or  throe  days  upright  or  nearly 
upright,  and  when  brought  back  into  the  light  again  became 
rectangularly  curved,  wo  believe  that  tho  bending  is  in  jiarl 
due  to  aphcUotropism,  apparently  somewhat  opiKJsoil  hy  ajjogeo- 
tropism.  On  the  other  hanrl,  from  observing  tho  effects  of  tying 
a  shoot  downwards,  so  that  tlie  rectangle  faced  upwanls,  wo  «rp 
lod  to  beUeve  that  the  curvature  is  partly  due  to  opinasty.  As 
tho  rectanguhirly  bent  ]mrti«jii  of  au  upright  stem  grows  older, 
tho  lower  part  straightens  itself;  and  this  is  offc-L'tcd  tlirough 
byponasty.    Ue  who  bos  read  Sachs'  recent  Essay  on  the  vertical 
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and  inoUued  poeltions  of  the  parts  of  plants*  will  see  how  diffi- 
cult a  subject  this  is,  and  will  feel  no  surprise  at  our  expressing 
ourselves  doublfujly  in  tliia  aud  other  such  cases. 

A  plflTit,  20  iuclies  in  height,  was  secured  to  a  stick  close 
l>eu,oftth  the  curved  summit,  which  foriiitd  rather  less  than  a 
rectangle  with  the  stem  below.  The  shoot  pointed  away  from  the 
observer;  and  a  glass  filament  pointing  towards  the  vertical  g\as» 
on  which  the  tracing  was  mado,  was  fixed  to  the  convex  surface  of 
the  curved  portion,  Therefore  the  d^n'-ettding  licee  in  the  tlgiiro 
represent  tlio  straif^hteuinit!;  of  the  curved  portion  as  it  grew 
older.  The  tracing  (Kig.  123,  p.  274)  was  begun  at  9  a.m.  on 
July  10th ;  the  filament  at  first  moved  but  little  in  a  zigzag  line, 
but  at  2  P.M.  it  t»egan  rising  and  continued  to  do  so  till  9  p.m.  ; 
Btud  this  proves  that  the  terminal  portion  was  being  more  l")ent 
downwards.  After  9  p.m.  on  the  10th  an  opposite  movement 
commenced,  and  the  curved  portion  began  to  sti-aighten  itself, 
»nd  this  continued  till  U.IO  a.m.  ou  the  i2th,  but  was  interrupted 
by  some  small  oscillatiouB  and  zigzags,  showing  movement  in 
different  directions.  After  11.10  a.m.  on  the  12th  this  part  of 
the  stem,  sti!!  considerably  curved,  circuninutated  in  a  con- 
spicuous manner  uutil  nenrly  ii  p.m.  ou  the  I'Sth ;  but  during  all 
this  time  a  downward  movement  of  the  filament  prevailed, 
caused  by  the  continued  straightening  of  tlie  (stem.  By  the 
afternoon  of  the  13th,  the  summit,  which  had  originally  Iieeu 
deflected  more  than  a  right  angle  from  the  p^erpendicular,  had 
grown  BO  nearly  straight  that  the  tracing  could  no  longer  be 
cwutinued  on  the  vertical  glass.  There  can  thercforo  be  no 
doubt  that  the  straightening  of  the  abruptly  curved  portion  of 
the  growing  stem  of  this  plant,  which  appears  to  be  wholly  dnu 
to  hyjwnasty,  is  the  result  of  modified  cireumnutation-  We 
will  only  add  that  a  filament  was  fixed  iu  a  different  manner 
across  the  curved  summit  of  anotlier  plant,  and  tho  same  genoial 
kmd  of  movement  was  observed. 

Tyi/vhum  tepfus. — In  many,  but  not  in  all  the  Epeoies  of  Tri* 
folium,  as  the  SL'pamte  little  flowers  wither,  the  sut^-peduncloa 
bond  downwards,  so  as  to  depend  parallel  to  the  upper  part  of 
the  mam  peduncle.  In  Tr.  suf>t<  rrattfttm  the  main  peduncle 
curvoi  downwards  for  the  snJte  of  burying  its  cnpsules,  and  in 
this  species   the   Bub-peduncles  of  the  separate  flowers  bend 
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IMfotium  rgpens:  drcnmnu- 
tatJDg  and  epinastic  mori^- 
meDts  of  the  f^ub-peduDcle 
of  a  single  flower,  traced 
oil  a  Tertiral  glass  noder 
ft  skylight,  in  A  from  11.30 
A.M.  Ang.  27th  to  7  A.M. 
SOth :  in  B  from  7  A.M. 
Ang.  30th  to  a  little  after 
6  P.M.  Sept.  8th. 
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upwards,  bo  as  to  occupy  the  saino  poeition  relatively  to  the 
ujiper  part  ol  the  mam  peduncle  as  in  IV.  repais.  Ihis  fact 
ttlouo  would  render  it  pit>buble  that  the  movements  of  the  sub- 
petluncles  in  Tr.  rejfcns  were  independent  of  geotropisni.  Never 
theless,  lo  make  euro,  some  flower-heads  were  tied  to  littlu  sticka 
upside  down  and  others  in  a  horizontal  position;  their  snU- 
]>eduQoles,  howeverj  all  quickly  curved  upwards  through  tho 
action  of  heliotropism.  We  therefore  protected  some  flower- 
headfi,  Bimilarly  secured  to  sticks,  from  the  light,  and  althongh 
some  of  them  rottetl,  many  of  their  sult-pednn^los  tume<l  ^ery 
ulowly  from  their  reversed  or  from  their  hoiizontal  positions, 
BO  as  to  stand  in  the  normal  manner  pai*allel  to  the  upper  i«rt 
of  the  main  peduncle.  These  facts  show  that  the  movement  is 
independont  of  geotropisra  or  apheliotropism;  it  must  thero- 
ho  attributed  to  epinosty,  which  however  is  checked,  at  least  as 
long  as  the  flowers  are  young,  by  heliotropism.  Most  of  tlie 
above  flowers  were  never  fertilised  owing  to  the  exclusion  of 
boes ;  thoy  consaquently  withered  very  aluwly,  and  the  movements 
of  the  aub- peduncles  were  in  like  manner  nuieh  retarded. 

To  ascertain  tho  nature  of  tho  movement  of  the  »ul>-x>eduncle, 
whilst  beading  downwards,  a  iilunieiit  was  fixed  across  tho 
Buramit  of  the  calyx  of  a  not  fully  expanded  and  almost  upright 
flower,  nearly  in  tho  centre  of  the  head.  The  main  podunclo 
-was  secured  to  a  stick  close  beneath  the  head.  In  order  to  see 
tho  marks  on  the  glass  tilament,  a  few  flowers  had  to  be  cut 
away  ou  the  lower  aide  of  the  head.  The  flower  under  obser- 
vation at  first  diverged  a  little  from  its  upright  jrosition,  so  as 
to  occupy  tho  open  space  caused  by  tho  removal  of  tho  adjoining 
flowers.  This  required  two  days,  after  which  time  a  new  tracing 
was  begun  (Fig.  124).  Jn  A  we  see  tho  complex  circumnntating 
com-se  purnutid  fi-om  11.30  a.m.  Aug.  26lh  to  7  a.m.  on  tlie 
30th.  The  pot  was  then  moved  a  very  little  to  the  right,  and 
the  tracing  (B)  was  continued  without  interruption  from  7  a.m. 
Aug.  30th  to  after  6  p.m.  Sept.  tJtb.  It  kIiouU  l»e  observed  that 
ou  most  of  these  days,  only  a  single  dot  was  made  each  morning 
nt  the  same  liour.  Whenever  the  flower  was  obaervud  carefully, 
as  on  Aug.  30th  and  Sept.  5th  and  lith,  it  was  found  to  i*e  cir- 
cumautating  over  a  small  space.  At  last,  on  Supt.  7th,  it 
began  to  bend  downwards,  and  continued  to  do  m»  until  after 
(3  r.M.  on  the  tith,  and  indeed  until  the  morning  of  the  9tb,  wheu 
its  movements  could  no  longer  be  ttaeed  ou  the  vtrlioal  glaa. 
Jt  was  carefully  observed  during  the  whole  of  tho  8th,  and  by 
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10.30  p.u.  it  had  descended  to  a  point  lower  down  by  two-thirds 
of  the  length  of  the  figore  as  here  given;  but  from  want  of  space 
the  tracing  has  been  copied  in  B,  only  to  a  little  after  6i'.m.  On 
the  moruiug  of  the  9th  the  flower  was  withered,  and  tho  buI>- 
podunclo  now  stood  at  an  angle  of  57°  beneath  the  horizon.  If 
the  flower  had  been  fertilised  it  would  have  withered  niucU 
Hcjoner,  and  have  moved  much  more  quickly.  We  thua  seti  tlmt 
the  sub-|>eduncle  oscillated  up  atid  down,  or  circnmuulattd. 
during  its  whole  downward  epinastic  t-ourse. 

The  Bub-pedunclc8  of  the  fertilised  and  withered  flowers 
of  Oxaiis  carttosa  likewise  bend  downwards  through  opinostyj 
ofi  will  be  shown  in  a  futui*e  chapter;  and  thei..  downward 
cuurse  is  strongly  zigzag,  indicating  circumuutation. 

The  mimher  of  instances  in  which  various  organs 
move  through  epinasty  or  liyponnsty,  often  in  coiii- 
bination  with  other  forces,  for  tho  most  divereified 
purpo.ses,  seems  to  be  inexhaustibly  great;  and  from 
the  several  wises  which  have  been  hero  given,  wo  may 
safely  infer  that  such  luovementa  are  due  to  luodifieU 
circitmnutiUiou. 
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CHAPTEU  VT. 

Moi»inEij  CiBCCMSUTATiDN :  Sucep  OR  NTCTiTKonc  MoveaiorTW) 

THKIR  Use:  SLEKf  OF  COTTLEDONS. 

Prt'limiQary  alcetob  of  tbo  sleep  ur  ti}'utltropiG  moromonU  of  loftves— 
Preseneo  of  putvini— The  Icsai-iiitiji;  uf  radiatidti  the  Uual  catioe  uf 
uyctitropio  iDdveraeiita — Manner  of  trying  eipt-rimeuU  on  leuvce  of 
OxalU.  Arachiis,  CkiSLn.  Mcltlolua,  l/.ttvm  ami  Mnriiilea,  and  on  tlie 
cotvIetlouBof  Mimosa— OoiicludLiig  remarks  un  radiatiimfromlcaTca 
— Small  (lifffrences  in  tlie  coiiditioiw  make  a  grent  rlitferor.ce  in  the 
result — DeiMiriplion  of  tlie  n\clitropio  pusition  und  luovenieiitfl  of 
(he  outykdoDS  of  varinos  plants^  Lbt  of  apccies  — OiNcIudinj; 
reiiiarks^Iadtpeudence  of  tlic  n^ctiiropic  movements  of  tho  loii^^es 
and  ciptyledotis  of  tho  sumo  Bj>ecie3 — RoajHma  for  ln:?lieving  Ihnt  tho 
movctucata  ba^ii  been  luyjiiired  fur  a  apecint  purpoeo. 

Tub  Bo-called  sleep  of  leaves  is  bo  conapicaous  a 
phenomenon  thjit  it  was  observed  as  early  as  the 
time  of  Pliny  ;*  anil  since  Liuna;iis  published  Iiia 
faiuuua  Essuy,  '  Soinuus  Plautaruin,'  it  has  been  the 
subject  of  several  memoirs,  ^fany  flowers  close  at 
night,  and  these  are  likewise  said  to  sleep;  but  ue 
are  not  here  concerned  with  their  movements,  for 
although  effected  by  the  same  mechanism  as  in  the 
case  of  young  leaves,  namely,  unequal  growth  on  the 
opposite  sides  (as  first  provcfl  by  PI'cfi'cr),  yet  they  differ 
essentially  in  being  excited  chiefly  by  changes  of 
temperature  instead  of  light ;  and  in  being  effected,  as 
far  as  we  can  judge,  for  a  diflferent  purpose.  Hardly 
Buy   oae  supposes   that    there   is  any  real   analogy 
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between  tho  8leep  of  animals' and  that  of  plants,* 
wUetli«r  of  leaves  or  flow^jra.  It  aetiiua,  therefore, 
adviiiable  to  give  a  distinct  name  to  the  so-calieil 
sleep-movements  of  plants.  These  have  also  gonemlly 
}»een  confounded,  under  the  term  "  jjeriodic,"  with  the 
slight  daily  rise  and  fall  of  leaves,  as  described  in  the 
fourth  chapter ;  and  this  makes  it  all  the  more  desir- 
able to  give  some  distinct  name  to  aleop-movementa. 
Nyctitropism  and  nyctitropic,  i.e.  night-turning,  may 
be  applied  both  to  leaves  and  flowers,  and  will  ho 
occasionally  used  by  us ;  but  it  would  be  best  to  con- 
fine the  term  to  leaves.  The  leaves  of  some  few  plants 
move  either  upwards  or  downwards  when  the  sun  shines 
intensely  on  them,  and  this  movement  has  sometimes 
been  called  diurnal  sleep ;  but  we  believe  it  to  be  of 
an  essentially  difl'orcnt  nature  from  the  nocturnal 
movement,  and  it  will  be  briefly  considered  in  a 
futiue  chapter. 

The  sleep  or  nyctitropism  of  leaves  is  a  largo 
subject,  and  wc  think  that  the  most  convenient  plan 
will  be  first  to  give  a  brief  account  of  the  position 
wliich  leaves  assume  at  night,  and  of  the  advantages 
apparently  thus  gained.  Afterwards  tho  more  re- 
markable cases  will  bo  described  in  detail,  with 
respect  to  cotyledons  in  the  present  chapter,  and  to 
leaves  in  the  next  chapter.  Finally,  it  will  be  shown 
that  these  movements  result  from  circum nutation, 
much  modified  and  regulated  by  tho  alternations  of 
day  and  night,  or  light  and  darkness ;  but  that  they 
«4re  also  to  a  certain  extent  inherited. 

Leaves,  when  they  go  to  sleep,  move  either  upwards 
or  duwuwards,  or  in  the  case  of  the  leaflets  of  com- 
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[K)uti<l  leaves,  forwards,  that  is,  tttwards  tlie  iL|)ex  of  tlm 
leaf,  or  backwards,  tliat  is,  towards  its  basu ;  or,  again, 
they  may  rotate  ou  their  own  axes  wiihoi.t  nioTiug 
either  upwards  or  do\vnwards.  But  in  almost  every 
case  the  plane  of  the  blade  is  so  placed  as  to  staud 
nearly  or  quite  verticaUy  at  night.  Therefore  the  apex, 
or  the  base,  or  either  lateral  edge,  may  be  directed 
towards  the  zenith.  Moreover,  the  upper  surface  of 
each  leaf,  and  more  especially  of  eueh  leaflet,  is  often 
brought  into  close  contact  with  that  of  the  opposite 
one;  and  this  is  sometimes  eifected  by  singularly 
complicated  movements.  This  fact  suggests  that  tho 
vipper  surface  requires  more  protection  than  the  lower 
one.  For  instance,  the  terminal  leaflet  in  Tril'oHum, 
after  turning  up  at  night  so  as  to  stand  vertically,! 
often  contiuues  to  beud  over  until  the  upper  surface  is 
directed  downwards  whilst  the  lower  surface  is  fully 
exposed  to  the  sky ;  and  an  arched  roof  is  thus 
formed  over  the  two  lateral  leaflets,  which  have  their 
upper  surfaces  pressed  closely  together.  Here  we  have 
the  unusual  case  of  one  of  the  leaflets  not  stand  in*? 
vertically,  or  almost  vertically,  at  night. 

Considering  that  leaves  in  assuming  their  nycti- 
tvopic  positions  often  move  through  an  angle  of 
90"*;  that  the  movement  is  rapid  in  the  evening; 
that  in  some  cases,  as  we  shall  see  in  the  uext 
chapter,  it  is  ej:traoi*dinarily  complicated ;  that  with.  ^ 
certain  seedlings,  old  enough  to  bear  true  leaves, 
the  cotyledons  move  vertically  upwards  at  nighti 
wliilst  at  the  same  time  the  leaflets  movo  vcr- 
li«illy  downwards  i  and  that  in  the  same  genus 
I  he  leaves  or  cotyledons  of  some  species  move 
upwards,  whilst  those  of  other  species  move  down- 
wards;— from  these  and  other  such  (acta,  it  is  hardly 
possible    to   doubt    that   plants   must    derive    soniA 
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great   advantage   from   such    remorkablo    powers   oi 
luovement. 

The  nyctitropic  movements  of  leaves  and  cotyledons 
are  effected  in  two  ways,*  firstly,  by  means  of  pulvini 
which  become,  as  Pfeffer  has  shown,  alternately  more 
turgescent  on  opposite  sides ;  and  secondly,  by  in- 
creased growth  along  one  side  of  the  petiole  or 
midrib,  and  then  on  the  opposite  side,  as  was  first 
proved  by  Batnlin.t  But  as  it  has  been  shown  by 
De  Vrica  t  that  in  these  latter  cases  increased  growth 
is  preceded  by  the  increased  turgescence  of  the  cells, 
the  difference  between  the  above  two  means  of  move- 
ment is  much  diminished,  and  consists  chiefly  in  the 
turgescence  of  the  colls  of  a  fully  developed  pulvinus, 
not  being  followed  by  growth,  "When  the  move- 
ments of  leaves  or  cotyledons,  fximished  with  a  pul- 
vinus and  destitute  of  one,  are  compared,  they  are  seen 
to  be  closely  similar,  and  are  apparently  effected  for 
the  same  purpose.  Therefore,  with  our  object  in  view, 
it  docs  not  appear  advisable  to  separate  the  above  two 
seta  of  cases  into  two  distinct  classes.  There  is,  how- 
ever, one  important  distinction  between  them,  namely, 
that  movements  effected  by  growth  on  the  alternate 
sides,  are  confined  to  young  growing  leaves,  whilst  those 
effected  by  means  of  a  pulvinus  last  for  a  long  time. 
We  have  already  seen  well-marked  instances  of  this 
latter  fact  with  cotyledons,  and  so  it  is  with  leaves,  as 
has  been  obsen'ed  by  Pfeffer  and  by  ourselves.  The 
long  endurance  of  Iho  uyctitropic  movements  when 
effected  by  the  aid  of  puh-ini  indicates,  in  addition  tu 
the  evidence  already  advanced,  the  functional  imoort- 
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nnce  of  such  movements  to  the  plant.  There  is  another 
difference  between  the  two  sets  of  cases,  namely,  that 
there  is  never,  or  very  rarely,  any  torsion  of  the 
leaves,  excepting  when  a  pulvinns  is  present ;  *  but 
this  statement  applies  only  to  periodic  and  nyctitropio 
iiioveraents,  as  may  be  inferred  from  other  cases  given 
by  Fmnk.f 

The  fact  that  the  leaves  of  many  plants  place 
themselves  at  night  in  widely  different  positions  from 
what  they  hold  during  the  day,  but  with  the  one 
point  in  common,  that  their  upper  surfaces  avoid 
facing  the  zenith,  often  with  the  additional  fact  that 
they  cttme  into  close  contact  with  opposite  leaves  or 
leaflets,  clearly  indicates,  as  it  seems  to  us,  that  the 
object  gained  is  the  protection  of  the  upper  sur- 
faces from  being  chilled  at  night  by  radiation.  There 
is  nothing  improbable  in  the  upper  surface  needing 
protection  more  than  the  lower,  as  the  two  differ  in 
fanctiou  aud  structure.  All  gardeners  know  that 
plants  suffer  from  radiation.  It  is  this  and  not 
cold  mnds  which  the  peaaauts  of  Southern  Europe 
fear  for  their  olives.}  Seedlings  are  often  protected 
from  radiation  by  a  very  thin  covering  of  straw ;  and 
fruit-trees  on  walls  by  a  few  fir-branches,  or  even  by  a 
lishing-net,  suspended  over  them.  There  is  a  variety 
of  the  gooseberry,^  the  flowers  of  which  from  being 
produced  before  the  leaves,  are  not  protected  by 
them  from  radiation,  and  consequently  often  fail  to 
yield   fruit.     An   excellent  observer  \\  has  remarked 


•  Pfeffer,  'Dio  P.ildd.  Boweg. 
dor  Blntu^ru'uiii:^'-'  iHl.i,  p.  159. 

t  '  riie  Niit.  Wu^eirehti!  Rich- 
tnnc  vf)Q  PHiiDztiithoiUn,'  1870, 
p  52. 

I  Murtias  iu  •Bull.  Soc.  Bot. 
do  France,'  torn  xix.  1872. 
Wills,  ill  Lis  riiiiiuus  '  Esany  on 


Dew,'  rcmaiks  that  nn  exposed 
IbenDometer  visee  aa  soon  nsevcu 
ft  flctcy  duud,  hiyli  in  llic  iJiy, 
j)ft8.-e8  over  thf  7enitli. 

§  'I-mdoii's  Gflrdi-uor't:  Mug  .' 
vol.  iv.  lS:i8,  p.  112. 

II  Ur.  Kivcn  in  'GMdontVi 
Cliruu.,'  1806,  p.  T3J. 


CuAP.  VL 


USE  OF  SLEEP  1IOVEMJ3NT8. 


285 


that  one  variety  of  the  cherry  haa  the  petals  of  its 
flowers  much  curletl  backward3»  aud  after  a  severe 
frost  al]  the  stigmoA  were  killed ;  whilst  at  the  same 
time,  in  another  variety  with  iiieiirved  petals,  tho 
stigmas  were  not  in  tho  least  injured. 

This  view  that  the  sleep  of  leaves  saves  them  from 
beings  chilled  at  night  by  radiation,  would  no  doubt 
liave  occurred  to  Linnreus,  had  the  principle  of  radia- 
tion been  then  discovere<l ;  for  he  suf|jg;est3  in  many 
parts  of  his  *  Somnus  Plantarum '  that  the  position  of 
the  leaves  at  night  protects  the  young  stems  and 
buds,  aud  often  the  young  inflorescence,  ajrainst  cold 
winds.  We  are  far  from  doubting  tliat  an  additional 
advantage  may  be  thus  gained;  and  we  have  observed 
with  several  jdants,  for  instance,  Desmodium  ^t/rans, 
that  whilst  the  blade  of  the  leaf  sinks  vertically  down  at 
night,  the  petiole  rises,  so  that  tlie  blailu  has  to  inuve 
through  a  greater  angle  in  order  to  iissmuo  its  vertical 
position  than  would  otherwise  have  been  necessary  ;  hut 
with  the  result  that  all  the  leaves  on  the  same  plant 
are  crowded  togetlier  as  if  for  mutual  protraction. 

We  doubted  at  first  whether  railiation  would  affect 
in  any  imiiortant  manner  objects  so  thin  as  are  many 
cotyledons  and  leaves,  and  more  especially  affect  dif- 
ferently their  upper  and  lower  surfaces;  for  although 
the  tem|>erature  of  their  upper  surfaces  would  un- 
doubtedly fall  when  freely  exposed  to  a  clear  sky,  yet 
we  thought  that  they  would  so  quickly  acquiro  by 
conduction  the  temperature  of  the  surrounding  air, 
that  it  could  hardly  make  any  sensible  difference 
to  them,  whether  they  8to(jd  hori2ontally  and  radiated 
into  the  open  sky,  or  vertically  and  radiated  chielly 
in  a  lateral  direction  towarils  neighbouring  plants  and 
other  objects.  We  endeavoured,  therefore,  to  ascer- 
tain something  on  this  head  by  preventing  the  leaves 
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of  several  plants  from  going  to  sleep,  and  by  exposing 
to  a  clear  sky  when  the  temperature  wsa  beneath 
the  freezing-point,  these,  as  well  as  the  other  leaves 
ju  the  same  plants  which  had  already  assumed  their 
nocturnal  vertical  position.  Our  experiments  show 
that  leaves  thus  compelled  to  remain  horizontal  at 
night,  suffered  much  more  injury  from  frost  than 
those  which  were  alloived  to  assume  their  normal 
vertical  position.  It  may,  however,  be  said  tbat 
conclusicns  drawn  from  such  observations  are  not 
applicable  to  sleeping  plants,  the  inhabitants  of 
countries  where  frosts  do  not  occur.  But  iu  every 
country,  and  at  all  seasons,  lejives  must  be  exposed  to 
nocturnal  chills  through  radiation,  which  might  be  in 
some  degree  injurious  to  them,  and  which  they  would 
escape  by  assuming  a  vertical  position. 

In  our  experiments,  leaves  were  prevented  from 
assuming  their  nyctitropic  position,  generally  by 
being  fastened  with  the  finest  entomological  pins 
(which  did  not  sensibly  injure  them)  to  thin  sheets 
of  cork  supported  on  sticks,  liut  in  some  instances 
they  were  fastened  down  by  narrow  strips  of  card, 
and  in  others  by  their  petioles  being  passed  through 
slits  in  the  cork.  The  leaves  were  at  first  fastened 
close  to  the  cork,  for  as  this  is  a  bad  conductor,  and  as 
the  leaves  were  not  exposed  for  long  periods,  we  thought 
that  the  cork,  which  had  been  kept  in  the  house,  would 
very  slightly  warm  them  ;  so  that  if  they  were  injured 
by  the  frost  in  a  greater  degree  than  the  free  vertical 
leaves,  the  evidence  would  bo  so  much  the  stronger 
that  the  horizontal  position  was  injurfcus.  liut  we 
found  that  when  there  was  any  slight  difference  in  the 
result,  which  could  be  detected  only  occasionally,  the 
leaves  which  had  been  fastened  closely  down  suffered 
rather  more  than  those  fastened  with  very  long  and 
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thin  pins,  so  as  to  stand  from  i  to  J  inch  above  tho 
cork.  This  difference  in  the  result,  which  is  in  itself 
curious  as  showinw  what  a  rory  slight  difTerencG  in 
the  conditions  influences  the  amount  of  injury  in- 
flicted, may  be  attributed,  as  we  believe,  to  the  Mir- 
munding  warmer  air  not  circulating  freely  beneath  tho 
closely  pinned  leaves  and  thus  slightly  warming  them. 
This  conclusion  is  supported  by  some  analogous  facts 
hereafter  to  be  given. 

We  will  now  describe  in  detail  the  experiments 
which  were  tried.  These  were  troublesome  from  onp 
not  being  able  to  predict  how  mucli  cold  tho  leaves  of 
the  several  species  could  endiu'e.  Many  plants  had 
every  leaf  killed,  both  those  which  were  secured  in 
a  horizontal  position  and  those  wliich  were  allowed  to 
sleep — that  is,  to  rise  up  or  sink  down  vertically. 
Others  again  had  not  a  single  leaf  in  the  least  in- 
jured, and  these  had  to  be  re-exposed  either  for  a 
longer  time  or  to  a  lower  temperature. 

Oxalia  acettiscllu. — A  very  large  pot,  thickly  covered  wilh 
between  300  and  400  loaves,  had  been  kept  al!  winter  in  tho 
greeohoose.  Seven  leaves  were  pinned  horizontally  opon, 
and  were  exposed  on  March  16tli  for  2  h.  to  u  clear  £ky,  the 
tcoipcrttturo  on  the  surrounding  grass  being  —  i'^  C.  (24°  to 
25''  F.)-  Next  morning  all  seven  leaves  were  found  quite 
killed,  6o  were  many  of  tlic  free  ones  which  had  previously 
gone  to  sleep,  and  nljont  100  of  them,  either  dead  or  browned 
and  injured,  were  picked  ofl'.  Some  teavea  showed  that  they 
hod.  been  slightly  injured  by  not  expanding  during  the  wholo 
of  the  next  day,  though  tliey  afterwards  recovorc-d.  As  all  tho 
leaves  which  were  pinned  open  wero  killed,  and  only  about  a 
third  or  fourth*of  the  others  were  either  killed  or  injured,  we 
had  some  little  evidence  that  those  which  were  prevented  from 
Bflsniaijig  their  vertically  dependent  poRition  suffered  most. 

The  following  night  (17th)  was  clear  and  almost  eqnally  cold 
(—  3'  to  —  4."  0.  on  the  gmsw),  and  the  pot  wa-*t  again  exposcrl 
but  this  time  for  only  30  m.    Eight  leaves  had  lx;en  pinned  ntit, 
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and  in  the  morning  two  of  them  were  Head,  whilst  not  n  single 
Dtlier  leaf  on  the  many  plants  wiis  even  injured. 

On  tho  23rd  the  pot  was  exposed  for  1  h.  30  ni.,  the  tempera- 
ture  on  the  grass  heing  only  —  2"  C,  and  not  one  leaf  waa 
iDJured:  the  pinned  open  leaves,  however,  all  stoofi  from 
i  to  J  of  an  inch  alwve  the  cork. 

On  tlie  24th  the  pot  was  again  placed  on  the  ground  and 
ospotsed  to  a  clear  sky  for  lustween  3-5  in.  and  40  m.  By  a  luiH- 
take  the  thermometer  waa  left  on  an  adjoining  sun-dial  3  feet 
high,  instead  of  heing  ploeed  on  the  grass ;  it  recorded  25"^  to 
26°  F.  (-  3  3°  to  -  3-S"  C),  hut  when  looked  at  after  1  h.  had 
fallen  to  2*2°  F.  (  -  G'S"  C.) ;  so  that  tho  pot  was  perhaps  exposeti 
to  rather  a  lower  temperature  than  on  the  two  first  occasions. 
!Eight  leaves  had  been  pinned  out,  some  close  to  the  cork  And 
Bome  above  it,  and  on  the  following  morning  five  of  them  (i.e. 
G3  i>er  cent.)  were  found  killed.  By  counting  a  portion  of  the 
leaves  wo  estimated  that  alwut  250  bad  Ijeen  allowed  to  go  to 
sleep,  and  of  these  about  20  were  killed  (i.e.  only  8  per  cent.), 
and  about  30  injured. 

Conaidering  thcBC  cases,  there  can  be  no  doubt  that  tho 
leaves  of  tins  Oxalia,  when  allowed  to  assume  their  normal 
verlicfl-Uy  dependent  position  at  night,  suiFtr  much  less  from 
frost  than  those  ("JS  in  number)  which  had  their  upper  sorfacc^ 
es|K»sed  to  tho  zenitli. 

Oxalis  carnom. — A  plant  of  this  Chilian  species  was  exposed 
for  30  m.  to  a  clear  f-ky,  the  thermometer  on  the  graaa  standing 
at  —  2°  C ,  with  some  of  its  hjavcK  pinned  open,  an<l  not  one  leaf 
on  the  whole  hnahy  plant  was  in  tho  leust  iiijni*ed.  On  the 
16th  of  March  another  plant  was  similarly  exposed  for  30  m., 
when  tho  temperature  on  the  grass  Wiis  only  a  little  lower,  viz , 
—  3°  to  —  4°  0-  Six  of  the  leaves  had  been  pinned  open,  and 
next  morning  five  of  them  were  found  much  bi-owned.  The 
pluut  wuB  a  largo  one,  and  none  of  the  free  leaves,  which 
were  asleep  and  depended  vertically,  were  browned,  excepting 
four  very  young  ones.  But  three  other  leaves,  though  not 
browned,  were  in  a  rather  flaccid  condition,  and  retained  their 
noctiu-nal  position  during  the  whole  of  the  following  day.  In 
thi«  case  it  was  obvious  that  tho  leaves  which  wore  expo&ed  hori- 
icontally  Ui  tlie  zenith  BuiTered  most.  This  Fame  pot  was  after- 
wards ex|wsid  for  35—40  m.  on  a  slightly  colder  night,  and 
every  leaf,  l)oth  tho  pinned  open  and  the  free  ones,  was  killed. 
It  may  be  added  that  two  pels  of  O  comicuJata  (var.  Atitk 


Chap.  VL 


USE  OF  BLEEP  MOVEMENTS. 


289 


pnrpQi'ca)  were  exposed  for  2  h.  and  3  h.  to  a  dear  sky  with  tlie 
femp.  OD  grass  —  2°  C,  and  none  of  the  leaves^  whether  free  or 
pinned  open,  were  at  all  injured. 

Ar'jchis  Jiypoi/cea. — Some  jjlants  in  ji  pot  were  exposed  at  night 
for  30  ni.  to  ft  elcnr  sky,  tho  temperature  on  the  surrounding 
grass  being  —  2^  C,  and  on  two  ni^hU  afterwards  they  were  agiiin 
exposed  to  tho  samo  temperature,  but  this  time  during  1  h.  'SO  m. 
On  neither  occasion  was  a  single  leaf,  whether  pinned  open  or 
(ree,  injured ;  and  this  surprised  us  much,conRidoring  its  native 
tropical  African  home.  Two  plants  were  next  oxposeil  {March 
16th)  for 30m.  to  a  clear  aky,  the  femperature  of  the  surroundiiifc 
grass  being  now  lower,  viz,,  between  —  S^'and  —  4**C.,  and  all 
four  pinned-open  leaves  were  killed  and  blackened.  These  two 
plants  bore  22  othftr  and  free  leaves  (excluding  some  very  young 
bud-Ukc  ones)  and  only  two  of  these  were  killed  ami  three  some- 
what injured ;  that  in,  23  per  cent,  were  cither  kiHed  iir  injured^ 
whereas  all  fotii  pinned  open  leaves  were  utterly  killed. 

On  another  night  two  pots  with  several  plants  were  exposed 
for  l>etwecn  35  m.  and  40  m.  to  a  clear  sky,  and  perhaps  to  a 
rather  lower  temperature,  for  a  thermometer  on  a  dial,  3  feet 
high,  close  by  sttxitl  at  -  3'3°  to  -  S'S**  C.  In  one  pnt  three 
leaves  were  pinned  open,  and  all  were  badly  injured;  of  tho 
44  free  leaves,  26  wore  injured,  that  is,  59  per  cent,.  In  tho 
other  pot  3  leaves  were  pinned  open  and  all  were  killed;  four 
other  leaves  were  prevented  from  sleeping  by  narrow  strips  of 
stiff  paper  gnmme<]  across  them,  and  all  were  killed;  of  21  fi-eo 
leaves,  10  were  killed,  2  much  injured,  «nd  12  unhurt;  that  is, 
50  j«r  cent,  of  the  free  leaves  wore  cither  killed  or  much  in- 
jured. Taking  the  two  pots  together,  we  mny  say  that  rather 
more  than  half  of  the  free  leavts,  which  were  asleep,  were  either 
killed  or  injured,  whilst  all  the  ten  horizontally  extended  leaves, 
which  had  been  prevented  from  going  to  sloop,  wore  either  killed 
or  much  injured, 

('a*KHi  j!oritmnda. — A  hush  was  exposed  at  night  for  40  m.  to 
s  clear  sky,  tho  temperature  on  the  surrounding  gi-ass  l>eing 
—  2^  C.J  and  not  a  leaf  was  injmretL*    It  was  again  exposed  on 


•  Caviia  lavigata  was  exposrd 
to  a  cloiir  »ky  fur  35  m.,  and  ij. 
enWafitht  (.»  tJuiann  sp-.'oics)  for 
tK)  m.,  tliu  tempt-mtuie  on  tlie 
nirn)muling  graas  being  —  2^  C.» 
Mud    neilhpT  wore  iu    the  least 


injured.  But  wlicn  C.  Ixvitjata 
was  fxpoRpfi  f(tr  I  li.,  tli<;  tomp. 
on  tliL'  suriounding  gross  being 
between  —  iP  and  —  4°  C,  ererj 
leaf  was  killed. 
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anotlier  nig:ht  for  1  h.,  when  the  toroperatHre  of  tho  grass  wna 
—  4^*  C. ;  and  now  all  tho  leaves  on  a  large  bush,  whether  pinned 
flat  open  or  free,  wero  killoii,  blackened,  and  shrivollod,  with 
tli3  exception  of  those  on  one  Bmall  branch,  Kiw  down,  which 
■was  very  alightlj'  protected  by  the  leaves  on  tho  branchea 
sbovo.  Another  tall  bush,  with  four  of  its  largo  compound 
1< nveJi  pinned  out  horizontally,  was  afterwards  exposed  (t«nip. 
of  surrounditg  graRs  exactly  tho  sanio,  viz.,  —  4°  C),  but  only 
fur  30  Jn.  On  the  following  mornmjj:  every  single  lca6ot  on 
these  four  leaves  was  dead,  with  both  their  upi^er  and  lower 
Bnrfaces  completely  blaukenod.  Of  the  many  frea  leaves  on  the 
bush,  only  seven  were  biackoned,  and  of  these  only  a  single  one 
(which  was  n  ynunger  and  more  tender  leaf  than  any  of  tho 
pinnod  oncsl  had  both  surfaces  of  tlio  leaflets  blackcuoj.  Tho 
contrast  in  this  latter  respect  was  well  shown  by  a  froo  leaf,  which 
stood  between  two  pinned-open  ones;  for  these  latter  had  tlie 
lower  surfaces  of  their  leaflets  as  black  as  ink,  whilst  the  inter- 
mediate free  leaf,  thougli  Iwtdly  injured,  still  i-otained  a  plain 
tinge  of  green  on  tho  lower  surface  of  the  leaflets.  This  bush 
exhibited  in  a  striking  nuwmer  the  evi!  olTects  of  the  leaves  not 
being  allowed  to  assinnB  at  night  their  normal  dependent  posi- 
tion; for  had  they  all  been  prevented  from  doing  so,  assuredly 
every  single  loaf  on  the  bush  would  have  been  utterly  killed  by 
this  exposure  of  only  30  in.  The  leaves  whilst  sinking  down- 
wards in  tho  evening  twist  rotmd,  so  that  the  upper  surface  is 
tiu*ued  inwards,  and  is  thus  better  protected  than  tho  outwardly 
tnmed  lower  surface.  Neverthelews,  it  was  always  tho  up{>er 
surface  which  was  more  blackened  than  the  lower,  whenever 
any  difference  could  lie  perceived  l>etwecn  them ;  but  whether  this 
was  due  to  the  celJK  near  tho  upper  surface  Iwing  more  tender, 
or  merely  to  their  containing  more  chlorophyll,  we  do  not  know. 
Mdihtua  officivalis. — A  largo  pot  with  many  plants,  wliioh 
had  been  kept  during  the  winter  in  tho  greenhouse,  was  exposed 
(luring  5h.  at  night  to  a  slight  frost  and  clear  sky.  Four 
loaves  had  been  pinned  out,  and  these  died  after  n  few  days; 
luit  ao  did  many  of  the  free  leaves.  Therefore  nothing  certain 
could  !«  inferred  from  this  trial,  though  it  indicated  that  the 
Horizontally  cxtrmlcd  leaves  BufTercd  most.  Another  large  jwt 
with  many  pluiits  \\i\&  next  exjiofied  for  1  h.,  the  lempcrnturc  on 
the  surronnding  grass  l«?ing  lower,  viz.,  —  3"  to  —  4°  C.  Ten 
leavofi  had  been  pinned  out,  aud.  the  result  was  striking,  for 
on  the  following  morning  all  these  were  found  much  iiyared  o* 
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kJlled,  and  none  of  the  many  free  Icnvofi  on  the  several  plonta 
were  at  all  injured,  with  the  doubtful  exception  of  two  or 
tliree  Tery  young  ones. 

MelHotus  Italica. — Six  leaves  -were  pinned  ont  horizontally, 
three  with  their  upper  and  three  with  their  lower  siirfaces  tnmed 
to  the  zeuitb.  The  plants  wore  exposed  for  5  !i.  to  a  clt^nj-  sky, 
the  teinpurature  ou  }rrouad  beiug  alK>at  —  1°  C.  Next  morning 
the  eii  pimied-open  leaves  seemed  more  injured  oveu  than  the 
youjiger  and  more  tender  free  ones  on  the  same  branches.  The 
exposure,  however,  had  Ixion  too  long,  for  after  an  interval  of 
florae  days  many  of  the  free  leaves  petjmed  in  almost  as  bad  a 
couditioa  as  the  piuued-out  ones.  It  was  not  possible  to  decide 
whether  the  leaves  with  their  upper  or  those  with  their  lower 
surfaces  turned  to  the  zenith  had  suffered  most. 

MidUotut  nuivtolens. — Some  plants  with  8  leaves  pinned  out 
■were  exposed  to  a  clear  sky  daring  2  h.,  tho  temperature  on  the 
snrrountling  grass  being  —  2'^  G.  Next  nioming  G  out  of  these 
b  leaves  wore  in  a  flaccid  condition.  There  wore  aliout  150  free 
leaves  on  the  plant,  and  none  of  tlicse  were  injured,  except  2  or  3 
very  young  ones.  But  after  two  days,  the  plants  having  been 
brought  back  into  the  greenhouse,  the  6  pinued-out  leaves  all 
recovered. 

MdUvtuA  TauTica. — Several  plants  were  exposed  for  5  h.  dnring 
two  nights  to  a  clear  sky  and  slight  frost,  accompanied  by  some 
wind;  and  5  leaves  which  had  been  pinned  out  suffered  more 
than  those  both  above  and  below  on  the  same  branches  which 
bad  gone  to  sleep.  Another  pot,  which  had  likewise  Inien  kept 
in  the  greenhouse,  was  exposed  for  35-40  m.  to  a  clear  sky, 
tbe-temperatore  of  the  surrounding  grass  being  between  —  3'  and 

—  4"  C.  Nine  leaves  had  been  pinned  out,  aiui  all  of  tlitse  were 
killed.  On  the  same  plants  there  were  210  froo  leaves,  which 
had  been  allowed  to  go  to  sleep,  and  of  the!^e  alx^ut  80  were 
killed,  i.e.  only  38  per  cent. 

JUeJilotus  PelitpitTr^anii. — The  plants  were  cxpc«e<l  to  a  clear 
iky  for  S5-^  in. :  temperature  on  smrouuding  grass  —  3^  to 

—  4°  C.  Six  leaves  had  Iteeu  pinnetl  out  so  as  to  Btand  abtmt 
i  inch  above  the  cork,  and  four  hud  been  pinned  close  to  it. 
These  10  leaves  were  all  killed,  but  the  closely  pinned  ones 
suffered  most,  as  4  of  the  C  wliich  stood  al>ove  the  cork  still 
retained  small  patches  of  a  green  colour.  A  considerable 
numl»er,  but  not  nearly  all,  of  the  free  leaves,  were  killed  or 
much  iiyuied,  whereas  all  tlie  pinned  ont  ones  were  kiUed. 
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Melihiuf,  mar.\-mrhiz(i. — The  plants  were  exposei]  in  Iho  Rawe 
maimer  an  iu  the  last  case.  Six  Uhivcr  hiuJ  Iwcn  pimieil  out 
horizontally,  and  five  of  them  were  killed,  that  is,  83  per  cent. 
We  cstima+ed  that  there  were  200  free  loaves  on  the  plants,  and 
of  tliesB  about  50  were  killed  and  20  bmlly  injured,  so  that  alwul 
35  per  cent,  of  the  fri.^  leaves  were  killed  or  injured.. 

Lotus  ansfa^i.— Six  pliuits  were  exposed  for  nearly  5  h.  t(<  a 
clear  sky;  temperature  on  fiurrounding  grass—  l-S"  C.  Foi.r 
leaves  had  been  pinned  out  horizontally,  and  2  of  these  suffered 
more  than  those  atevc  or  below  on  the  sanie  branches,  which 
had  i»eeii  allowed  to  go  to  sleep.  It  is  rather  a  remarkahlo  fact 
that  Bome  plajits  of  l.utus  Jacoha-us,  an  inhabitant  of  so  liot  a 
country  as  the  Capo  Verde  Islands,  were  exposed  one  night  lo  a 
clour  sky,  with  the  temperature  nf  tbo  flurroundinR  grass  —  2"  C, 
and  on  a  second  nipht  for  30  m.  with  the  tcmjjcratnre  of 
the  grass  between  —  3°  and  —  4^  C,  and  not  a  single  leaf,  eitlier 
the  piniied-out  or  free  oncp,  was  in  the  least  injured. 

Marsilea  fjuttdrf/vHuiu. — A  large  plant  of  this  species — the 
only  Cryptogam ie  plant  known  to  sleep  — with  eoino  leaves  pinned 
open,  was  exposed  for  1  h.  35  m.  to  a  clear  sky,  tlie  temporatui-o 
on  the  surrounding  ground  being  -*  2°  C,  and  not  a  single  leaf 
was  injured.  Aft*ir  an  interval  of  some  days  the  plant  was  again 
expo.sed  for  1  h.  to  a  clear  sky,  with  the  temperature  on  tha 
surrounding  gi-ound  lower,  viz.,  —  4°  C.  Six  leaves  had  been 
pinned  out  liurizoutally,  and  all  of  them  were  utterly  killotl. 
The  plant  had  emitted  long  trailing  stems,  and  tliese  hod  been 
wrapped  round  with  a  blanket,  so  a*  to  protect  them  from  the 
frozen  gi-ound  and  from  radiation;  but  a  very  large  number 
of  leaves  were  left  freely  exposed,  which  had  gone  to  sleep, 
aud  of  these  only  12  wore  killed.  After  another  interval,  tha 
plant,  with  9  leaves  pinned  out,  was  again  exposed  for  1  h.,  th6. 
tempemture  on  the  ground  being  again  —  4°  C.  Six  of  the  leaves  * 
wure  killed,  and  one  which  did  not  at  first  appear  injured  after- 
wards became  streaked  with  brown.  The  trailing  branches,  which 
rested  on  the  frozen  ground,  had  one-half  orthree-quarteraoftlioir 
leaves  killed,  but  of  the  many  other  leaves  on  the  plant,  whiuh 
ftUine  couUi  be  fairly  compared  with  the  pinned-out  ones,  none 
appeared  at  first  sight  to  liavu  been  killed,  but  on  careful  search 
I'i  were  found  in  this  slate.  After  another  interval,  the  plant  j 
with  9  leaves  pinned  out,  was  exposed  for  30-10  m.  to  a  clear 
sky  and  to  nearly  the  same,  or  i)erhaps  a  mther  lower,  lem|iori- 
tura  (for  the  thci-mometer  by  an  aocidout  }uid  been  left  on  a 
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sun-dial  close  by),  and  8  of  these  leaves  were  killed.  OF  tlio  froe 
JeBves  (those  on  tho  trailing  liruiiclies  uot  lieiDg  contddered),  a 
good  many  wore  killed,  but  their  number,  compared  vilh  tlio 
uninjurul  ones,  was  small  Fiiinlly,  taking  the  tlirce  trials 
tf^cthor,  2i  leaves,  extended  horizontally,  were  eiposer)  to  the 
zenith  and  to  unolistrneted  radiation,  and  of  these  20  were 
killed  imd  1  injurol;  whilst  a  relatively  very  small  proportion 
of  tlio  leaves,  which  had  becit  allowed  to  go  to  sleep  with  their 
Icatlcta  vertically  dependent,  were  killed  or  injured. 

The  cotyledons  of  several  plants  wer«  prepared  for  trial,  but 
the  weather  was  luild  and  wy  aucceedod  only  in  a  Bingle  instance 
in  having  seedlings  of  the  proper  age  on  nights  which  were 
clear  and  oohl.  The  cotyledons  of  6  seedUngs  of  Mimosa  pwlica 
were  fastened  open  on  cork,  and  were  thus  exposed  for  1  h.  45  m. 
lo  a  clear  sky,  with  tlie  tenipemturo  on  the  suriounding  ground 
at  29"  F.;  of  these,  3  were  killed.  Two  other  seedliiign,  aft<* 
their  cotyledons  had  risen  up  and  hatl  closed  together,  were 
lM3nt  over  and  fastened  bo  that  they  stood  horizotitally,  with  tho 
lower  surface  of  one  cotyledon  fully  exix^sed  to  the  zenith,  and 
both  were  killed.  Therefore  of  tlie  8  seedlings  thus  tried  5.  or 
more  than  half,  were  killed-  Seven  other  seedlings,  with  their 
cotyledons  in  their  normal  nocturnal  j»0!>ition,  viz.,  vertica]  find 
I'inaed,  were  expasfid  at  the  same  time,  and  of  these  only  2  wero 
killed.*  Hence  i  t  apiwars,  as  far  as  these  few  trials  tell  anytliing, 
tliat  the  vertical  position  at  uiglit  of  tiio  cotyledons  of  Mimom 
pudica  protects  them  to  a  certain  degree  from  Iho  evil  ofTccts  of 
xadiatioD  and  cold. 


Ccnd^ding  Remarhs  on  (he  Iladiat{oj;i  from  Leaves 
at  Nig}U. — Wo  exposed  on  two  oeciisions  during  tlie 
siuumer  to  a  dear  sky  several  pinned-open  leaflets 
of  TrifoUum  pratense,  which  nutunilly  rise  at  night. 
Olid  of  Oxalis  purpurea,  whicli  naturally  sink  at  uight 
(the  plants  growing  out  of  doors),  and   looked  at 


»  We  vfftro  siirprisi'il  that 
Vfrui^  seedlings  of  bd  trc|«iral  a 
ptiiiit  iiB  M iiiu>Ba  pmlicavtef V,  a.h\v 
In  rctii.-t.  as  wi'U  iia  tliey  tMii,  ox- 
pnsiira  lor  1  hr.  -l"*  m.  tc»  a  clear 
ukv,  thtJ  l('-Ui{)«rHtur<t  mi  Uio  aur- 
njuuding  pound  boiii;;   'l\f   F. 


It  iQiiy  bo  atU{fd  tUnt  Sfe<lliii|ra  of 
llie  Itidian  Caetiu  pubMtxne  wera 
exiHiflcd  f'>r  1  b.  3(J  m.  to  ii  clour 
hky.  with  til*'  tt'TTip.  *.n  the  anr- 
romidiufj  grouiut  at  —  2°  C,  BtiJ 
tUuy  WL-re  uut  in  the  Itatit  injiued 
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tliem  early  uu  several  successive  mornings,  after  tbcy 
had  assumed  their  diurnal  positions.  The  difference 
in  the  amount  of  dew  on  the  pinned-opcn  Icallcta 
and  on  those  which  had  gone  to  sleep  was  generally 
conspicuous ;  the  latter  being  sometimes  absolutely 
dry,  whilst  the  leaHcts  which  had  been  horizontal 
weru  coated  with  large  beads  of  dew.  This  shows  how 
much  cooler  the  leaHeta  fully  exposed  to  the  zenith 
must  have  become,  than  those  which  stood  almost 
vertically,  either  upwards  or  downwards,  during  the 
uight. 

From  the  several  cases  above  given,  there  can  bo  no 
doubt  that  the  position  of  the  leaves  at  night  aflecls 
their  temperature  through  radiation  to  such  a  degree, 
that  when  exposed  to  a  clear  sky  during  a  frost,  it  is  a 
question  of  life  and  death.  We  may  therefore  admit 
as  highly  probable,  seeing  that  their  noctnriial  posi- 
tion is  so  well  a<lapted  to  lessen  radiation,  that  the 
object  gained  by  their  often  complicated  sleep  move- 
ments, is  to  lessen  the  degree  to  which  they  are 
chilled  at  night.  It  should  be  kept  in  mind  that 
it  is  especially  the  upper  surface  which  is  thus  pro- 
tected, fus  it  is  never  directed  towards  the  zenith,  and 
is  often  brought  into  close  contact  with  the  upper 
surface  of  an  opposite  leaf  or  leaflet. 

We  failed  to  obtain  sufficient  evidence,  whether 
the  better  protection  uf  the  upper  surface  has  been 
gained  from  its  heing  more  easily  injured  than  the 
lower  surface,  or  from  its  injury  being  a  greater  evil 
to  the  plant.  That  there  i:^  some  difference  in  consti- 
tution between  the  two  surfaces  is  shown  by  the  follow- 
ing cases.  Cassia  Jloribunda  was  exposed  to  a  clear  sky 
on  a  sharp  frosty  uight,  and  several  leaflets  which 
had  assumed  their  nocturnal  depeudeut  position  with 
their  lower   surfaces    turned    outwards  so  as   to   b« 
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exposed  ubliqucly  to  the  zeuith,  nevertheless  bad  these 
lower  surfaces  less  blackened  tluin  the  upper  surfuces 
which  were  turned  inwards  and  were  iu  close  contact 
with  those  of  the  opposite  leuflets.  Again,  a  pt»t 
full  of  plants  of  Trij'oimm  resupinatunij  which  had 
been  kept  in  a  warm  room  for  three  days,  was  turned 
out  of  doors  (Sept.  21st)  on  a  clenr  and  almost  frosty 
night.  Next  morning  ten  of  the  terminal  leatlets  were 
examined  as  opaque  objects  under  the  microscope. 
These  leaflets,  iu  going  to  sleep,  either  turn  vertically 
upwards,  or  more  commonly  bend  a  little  over  the 
lateral  leaflets,  so  that  their  lower  surfaces  are  more 
exposed  to  the  zeuith  than  their  upper  surfaces. 
Nevertheless,  six  of  these  ten  leaflets  were  distinctly 
yellower  on  the  upper  than  on  the  lower  and  more 
exposed  surface.  In  the  remaining  four,  the  result 
was  not  so  plain,  but  certainly  whatever  difiercnco 
there  was  leaned  to  the  side  of  the  upper  surface 
having  suffered  most. 

It  has  been  stated  that  some  of  the  leaflets  experi- 
mented on  were  fastened  close  to  the  cork,  and  othei-s 
at  a  height  of  from  ^  to  J  of  an  inch  above  it;  and 
that  whenever,  after  exposure  to  a  fiost,  any  diflerouce 
could  be  detected  in  their  states,  the  closely  pinned 
ones  had  suffered  most.  We  attributed  this  dift'ercuce 
to  the  air,  not  cooled  by  radiation,  having  been  pro- 
vented  from  circulating  freely  beneath  the  closely 
pinned  leaflets.  That  there  was  really  a  difference  in 
the  temperature  of  leaves  treated  in  these  two  dif- 
ferent methods,  was  plainly  shown  on  one  occasion; 
for  after  the  exposure  of  a  pot  with  plants  of  Meliloius 
dentida  for  2  h.  to  a  clear  sky  (the  temperature  on  the 
surrounding  grass  being  —  2°  C),  it  was  manifest  that 
more  dew  had  congealed  into  hoi»r-frost  on  the  closely 
pinned  leaflets,  than  on  those  which  stood  horizontally 
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nyctitropic,  unless  it  has  been  acqiiired  for  the  sake  of 
lessening  radiation ;  but  this  could  be  discovereil  only 
by  a  long  series  of  experiments,  sliowiag  that  Ibo 
leaves  of  eaeb  species  sufiered  from  this  cause,  if  pre- 
vented from  sleeping.  We  must  therefore  take  an 
arbitrary  limit.  If  a  cotyledon  or  leaf  is  inclined  at 
G0°  above  or  beneath  the  horizon,  it  exjxjses  to  the 
zenith  about  one-half  of  its  area;  consequently  the 
intensity  of  its  radiation  will  be  lessened  by  about 
half,  compared  with  what  it  would  have  been  if  the 
cotyledon  or  leaf  had  remained  horizuntal.  This 
degree  of  diminutiun  certainly  would  make  a  great 
difference  to  a  plant  having  a  tender  constitution. 
We  will  therefore  speak  of  a.  cotyledon  and  hereafter 
of  a  leaf  as  sleeping,  only  whou  it  rises  at  night  to 
an  angle  of  about  00^,  or  to  a  still  higher  angle,  above 
the  horizon,  or  sinks  beneath  it  to  the  same  amount,* 
Not  but  that  a  lesser  diminution  of  radiation  may  be 
advantageous  to  a  plant,  as  in  the  case  of  Datura 
stramoiiiumj  the  cotyledons  of  which  rose  from  31°  at 
noon  to  So**  at  night  above  the  horizon.  The  Swedish 
turnip  may  prolit  by  the  area  of  its  leaves  being 
reduced  at  nigiit  by  about  30  per  cent.,  a.s  estimated 
by  Mr,  A.  H.  Wilson;  though  in  this  case  the  angle 
through  which  the  leaves  rose  was  not  observed.  On 
the  other  hand,  when  the  angular  rise  of  cotyledons  or 
of  leaves  is  small,  such  us  less  than  30^,  the  diminution 
of  radiation  is  so  slight  that  it  probably  is  of  no  sig- 
nificance to  the  plant  in  relation  to  radiation.  For 
instance,  the  cotyledons  of  Geranium  Ibericum  rose  nt 
night  to  27°  above  the  horizon,  and  this  would  lessen 
radiation  by  only  11  per  cent. :  those  of  Linum  Tiereit- 
dieri  rose  to  33",  and  this  wonUl  lessen  radiation  by 
16  per  cent. 
There  are,  however,  some  other  sources  of  doubt  witii 
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respeot  to  the  sleep  of  cotyledons.  In  cerfaiu  cases, 
the  cotyledons  whilst  young  diverge  during  the  day  ta 
only  a  very  moderate  extent,  so  that  a  small  rise  at 
night,  which  wo  know  occurs  with  the  cotyledons  of 
many  plants,  would  necessarily  cause  them  to  assume 
a  vertical  or  nearly  vertical  position  at  night;  and  in 
this  case  it  would  be  rush  to  inter  that  the  movement 
was  eflfected  for  any  special  purpose.  On  tJxis  account 
we  hesitated  long  whether  we  should  introduce  several 
Cucurbitaceous  plants  into  the  loilowing  list ;  but  from 
reasons,  presently  to  be  given,  we  thought  that  they 
had  better  be  at  least  temporarily  included.  This 
same  source  of  doubt  applies  in  some  few  other  cases ; 
for  at  the  commencement  of  our  observations  we  did 
not  always  attend  suflEiciently  to  Avhether  the  cotyle- 
dons stood  nearly  horizon  taDy  in  the  middle  of  the  day. 
With  several  seedlings,  the  cotyledons  assume  a  highly 
inclined  position  at  night  during  so  short  a  period  of 
their  life,  that  a  doubt  naturally  arises  whether  this 
can  bo  of  any  service  to  the  plant.  Nevertheless,  in 
most  of  the  cases  given  in  the  following  list,  the  coty- 
ledons may  be  as  certainly  said  to  sleep  as  may  the 
leaves  of  any  plant.  In  two  cases,  namely,  with  the 
cabbage  and  radish,  the  cotyledons  of  which  rise  almost 
vertically  during  the  few  first  nights  of  their  life,  it 
was  ascertained  by  placing  young  seedlings  in  the 
klinoatat,  that  the  upward  movement  was  not  due  to 
apogeotropism. 

The  names  of  the  plants,  the  cotyledons  of  which 
ataud  at  night  at  an  angle  of  at  least  60^  with  the 
horizon,  are  arranged  in  tho  appended  list  on  the  same 
system  as  previously  followed.  The  numbers  of  the 
Families,  and  with  the  LeguminosaB  the  numbers  of 
the  Tribes,  have  been  added  to  show  how  widely 
the  plants  in  question  are  distributed  throughout  the 
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^^M             diuotyledonous  series.     A  few  remarks  will  have    to 

^^M            be  luudo  about  many  of  the  plants  in  tho  list.     In 

^^M             doing  80,  it  will  be  convenient  not  to  follow  strictly 

^^1             any  systematic   order,  but   to   tre^it   of  tlie  OxaUduj 

^^M             and    the    Leguminosos    at    the    close ;    far   in   these 

^^M             two  Families  the  cotyledons  arc  p^nnerally  provided 

^^M             with  a  pulvinus,  and  their  movemcuts  endure  for  a 

^^M             much  longer  time  than  those  of  the  other  plants  in 

^H            the  iist. 

^^H               List  vf  i^mdlmg  Plants,  the  colr^hilons  of  which  rise  or  sink  ai 

^^H                    night  to  art  avgJc  of  at  ka«t  60°  above  or  heyicidh  tite  horizon. 

^^^M                  BnuisicB  olcracea.    Crucifero]  (Fam. 

guminosic    (Trib«    13) — accord- 

^m 

iug  to  Mr.  li.  I.  Lynch. 

^^H                  Dapua  (as  we  iltb  informect 

Cnsi^in    iitirio.>;oidefl.      I.pgnminoue 

^^M                        by  Prof.  Pfel}er). 

(TriW  14). 

^^H                 IlH|'hiiiiiis  5.i>tiriiK.    <Jriicir«^i-3>. 

— =—  glaia-a. 

^^^1                   (jithrtt^n   segt^tum.       Cai'y(i|)hy]|i:ii.' 

liorjijii. 

^^1                       (K»iu.  26). 

corymbosa. 

^^H                   St«ll:Lria  media  (acoordiag  to  itof- 

Iiubvactrns. 

^^H                       mvjster,  u  rjuoted}.     Curynphyl- 

ti>ra. 

^^H 

~  ~ uir£j{?cui« 

^^^1                 AaoiU  Wrightii.     M&!v»ccie  (Fain, 

- — —  '.i  other  Brazilian  unnnnied 

^^1 

»pooio«. 

^^^1                 Goi^y]>itim   (var.   Nankia   cuttuD). 

Bauhiniii    (jp.    ?).        LegumiD(w» 

^^^1                     Miilyaccic. 

(Tribe  15). 

^^H                   Oxalid  i-D^ea.     OxaUdtt  (Faid.  41). 

Ne|itut]ia     oleracea.      LcgnmiDom 

^^H                 tioribuoda. 

(Tribe  iiO). 

^^^1                   firttcnlntK. 

IktimriMi       pujicft.         I^gutninoKc 

^^^1 Vnldirinnit. 

(Tribe  21). 

^^^^^^B                                         . .    AAtl-tltlV-h 

albiiift. 

^^^^^^H                                         ' Dvildlvl      >l* 

^^^1                   Gsrnnium    rotundfroliuin.       Oera> 

Cucurbitn   orjfera.      CaenrbitaCMt 

^^H                      oiftceie  (Fain.  47). 

(yam.                                                  ^^H 

^^^1                   Trirnliutn    Hubterraaoum.       I^gu- 

awrantia.                            ^^^H 

^^1                       mlQosa  (Fitni.  7f>,  Trihe  8) 

LagiTiAHa  vulgnriit.    Cticnrbitaceas  ^^^H 

^^H                   btrictmn. 

Cui:uiiii>    duiiiiim.      Cucui'bitnces.   ^^^H 

Ai>hiii)  pvtrofi-lioum.     Umbellif«r«    ^B 
(Fom.  113). 

^^^1                  Jxitus    ormthopopoidoa.      Log;uini- 

^^H                      dlisic  (^Triba  4), 

grareolens. 

^^H                    per«;griaus. 

LMct  uca  itdriola.    Compo&iUe  (Fam. 

^^^H                   JacuUuus. 

122). 

^^^1                   CUftathua       Dampieri.        l.c^iimi> 

HclianthuK  Aniiuus(?).    Compo^itn. 

^^^1                      nosie  (^Trlb«  ^)— ac{:ord(D|C  to  M. 

IpotTKEa    caTuIea.      Coiivot\  ulftuea 

^^H                      Kamey. 

(Fain.  lai). 

^^^1                  Sinithiii    scQ&itira.       I^t^uroiDos^ 
^^H                        (Tribe  6). 

t-'nu-noi. 

^^H                  Birinutoi?loa  Camitcchinnum.    Ll- 

• — ■  '       ■     LLPIip^IiUeMb 
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Li$t  of  SeKdli'iij  Plants  (eontinued\ 

•tolHQiim    lycopcriicDm.      Sol&acJ!       Mirabilis  loogifloru 

(Facii.  167).  .  ^ 

Miinulus,    (dp.  f)    Scro|>HalariDen 

(I'.ira.   159)  —  frnm  loronnatioD 

given  11.1  by  Prof.  Pfiffer. 
MiraUIU     jiilftjia*         NyeUgiofn 

(Fam.  177). 


Potjgnnea   (Faat. 


Uvln    vutgaiis, 

170). 
Amai'xnthus    caiitlatui.     AmAriiii* 

thacea  Cfam.  18U). 
CaDQitblj   »atiTa  (?).      CftDD4bum« 

(Fara.  IB5). 


Brassira  ohracea  (Crurifene).  —It  wafi  sliown  in  tlio  first  chapter 
that  the  cotyledous  of  the  coiiiinon  cnbhuge  rise  in  the  cvcninj^ 
anJ  stanil  vertically  up  at  night  with  their  jietioloa  in  contact. 
Bat  as  tho  two  eotyledons  are  of  nnG<ina!  height,  they  frequently 
interfere  a  little  with  each  other'n  movemcDta,  the  shorter  one 
often  not  Btanding  quite  vertically.  Tliey  awake  early  in  tho 
morning;  thus  at  6.45  a.m.  on  Nov.  27th,  whilst  it  was  atili 
dark,  the  cotyledon.^,  which  had  Ijeon  vertical  and  in  contact  on 
the  previous  evening,  were  refluxed,  and  thus  pivscntcd  a  very 
different  apj>eftmnca  It  should  l>e  borne  in  mind  that  seedlings 
in  KermiiiatinK  iit  tho  proper  season,  would  not  bij  sulijccied  to 
darkness  at.  this  hour  in  the  morning.  The  al)Ove  amount  of 
movement  uf  the  cotyledons  is  only  temporary,  lasting  with  phinta 
kept  in  a  wann  greenhouse  from  lour  to  sis  day-s:  how  long  it 
would  last  with  Beedlint^'a  growing  out  ol  duors  wo  do  not  know. 

Jta/'haiiug  saiii'tu.—in  tho  middle  of  the  day  the  blades  of 
the  cotyledons  of  10  seedlings  stood  at  right  angles  to  their 
hypocotyls,  with  their  petioles  a  littld  divergent;  at  night  the 
blades  stood  vertically,  with  their  kises  in  contact  and  with 
their  petioles  pumllel.  Next  morning,  at  6.4-">a.m.,  wliilst  it 
wafl  still  dark,  the  blades  were  horizontal.  On  tho  folluwxng 
night  they  were  much  raised,  bnt  hardly  stood  sufficiently  ver- 
tical to  1)0  f-iiid  to  he  asleep,  and  so  it  was  in  a  still  less  degree 
on  the  third  night.  Therefore  the  cotyledons  of  this  jilant  (kept 
in  tho  greenhouse)  go  to  sleep  for  even  a  shorter  time  than 
those  of  the  cabbjige.  Similar  observations  were  made,  but  only 
doring  a  single  day  and  night,  on  13  other  seedlings  likowiso 
raised  in  the  greenliouiiB,  with  the  same  result. 

The  petioles  of  the  cotyledons  of  11  young  seedlings  of 
Siniipia  nigra  were  slightly  divergent  at  noon,  nnd  the  blades 
stood  at  right  angles  to  tho  hypocotyls ;  at  night  the  petioles 
were  in  close  contact,  and  tho  bhwles  considerably  raised, 
wirli  their  Luisos  in  contact,  Imt  only  a  few  stood  suilicieiitiy 
opright    to    bo    eallod    asleep.     On    the    following    niomlDg, 
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the  petio'cs  diverged  before  it  was  light.  The  hypoootyl  if 
BlighUy  stiiifiitive,  bo  that  if  rubbed  with  a  needle  it  lH>nda 
towards  the  rubb<;d  side.  In  the  case  of  J.epidium  Mtivum,  the 
petiolo.-i  of  the  cotyledons  of  young  seedlings  diveigo  during 
the  day  and  converge  so  as  to  touch  each  other  during  tho 
night,  by  which  means  the  basea  of  the  tripartite  blades  are 
brought  into  contact;  but  tlio  blades  are  so  Jitile  niised  that 
they  cannot  1k)  said  to  Bleep.  The  cotyledons  of  sevenil  other 
cruciferous  plants  were  obsetTed,  but  they  did  not  rise  sufficieutly 
during  the  night  to  be  said  to  sleep. 

{iith'igo  s'gc/um  (CnryophylIefle).^On  the  fii-st  day  after  the 
cotyledons  had  burst  through  the  seed-coats,  they  stood  at  noon 
at  an  angle  of  75°  above  the  horizon;  at  nipht  they  moved 
upwards,  each  through  an  angle  of  15°  so  as  to  stand  quit^ 
vertical  and  in  contact  with  one  unothor.  On  tho  second  day 
they  stood  at  noon  at  69°  above  the  horizon,  and  again  at 
night  were  completely  closed,  each  having  risen  31°.  On  the 
fourth  day  the  cotyledons  did  not  quite  close  at  night.  The 
first  and  succeeding  pairs  of  young  true  leaves  behaved  in 
exactly  the  same  manner.  We  think  that  the  movement  in  this 
case  may  be  called  nyctitropic,  though  the  angle  passed  through 
was  siiuUl.  The  cotyledons  are  very  sensitive  to  light  and  will 
not  expand  if  exposed  to  an  extremely  *lim  one. 

A  nodii  I  Vrigh  tii  (Malvaceae) .— Tho  cotyledons  w)i  ilst  moderately 
young,  and  only  from  -2  to  *3  inch  in  diameter,  sink  in  the 
evening  from  their  mid-day  horizontal  position  to  about  So" 
beneath  tho  horizon.  Jlut  when  tlie  same  seediiugs  were  older 
and  had  j)roduced  small  true  leaves,  the  almost  orbicular 
cotyledons,  now  -So  inch  in  dJameler,  moved  vertically  downwards 
at  night.  This  fact  mado  us  6us])ect  that  their  sinking  might 
be  duo  merely  to  their  weight ;  but  they  were  not  in  tho  least 
flaccid,  and  when  liftt^d  up  spmng  back  through  elasticity  into 
theJr  former  dependent  position.  A  pot  with  some  old  seedlings 
wan  turned  upsido  dawn  in  the  afternoon,  before  tho  noc- 
turnal full  had  commenced,  and  at  night  they  assumed  in  op- 
p(»fiition  to  tlieir  own  weight  (and  to  any  geotropic  action)  an 
upwardly  directed  vertical  position.  Wlien  pots  were  thus 
reversed,  after  tho  evening  fall  had  already  commenced,  the 
fiinking  movement  appeared  to  bo  somewhat  disturbed;  but  all 
their  movements  woro  occasionally  variable  without  any  apparent 
cause.  This  latter  fact,  as  well  as  that,  of  the  young  cotyledons 
cot  sinking  nearly  so  much  as  the  older  ones,  deserves  notica 
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AltliougU  the  moreiaeat  of  the  cotylodona  endured  fur  a  \onft, 
time,  no  pulvinus  was  exteriorly  visible;  but  their  giowtli 
oontinued  for  a  long  time.  The  cotylodons  ftppcar  to  bo  ouly 
Blightly  lieliotropic,  though  tlie  liypocotyl  is  strongly  no. 

Uvest/jnum  nrbo'cumi^^)  (var.  Nankin  cotton)  (Malvaceae). — Tli« 
oritylcd'iuB  luliave  in  nearly  the  same  manner  uk  tho»c  of  tliu 
Anoda.  On  Juno  15th  the  eotyltdous  of  two  seedlirga  were 
■6j  inch  in  length  (ineasurod  along  the  midrilp)  and  stood  hori- 
zontally lit  noon;  at  iU  p.m.  they  uceupied  the  Kiuno  ]jo(iitioii 
and  had  not  talleu  at  all.  On  June  23rd,  tlie  colyietlons  of  one 
of  these  Bcotilings  were  11  inoh  iu  len^Hi,  and  by  10  r-M.  they 
hod  fallen  from  a  horizontal  position  to  62"^  beneath  the  horizon. 
The  cotyledons  of  the  other  socdhiig  wcrc  1'3  inch  iu  length,  aiid 
a  minute  true  leaf  had  been  formed;  they  had  falicn  at  10  p.m. 
to  70°  beneath  the  horizon.  On  June  2oth,  the  true  leaf  of  this 
latter  seedling  wob  "9  inch  in  lengtli,  and  tlie  colyletlons  oecu- 
pit.'d  nearly  the  fame  position  at  night.  Uy  July  yth  tlic  cotyle- 
dons appeared  very  old  and  ahowcd  signs  of  withering ;  but  they 
stood  at  noon  almost  horizontully,  and  at  10  r.M.  hung  down 
vertically.  ~ 

Oossypium  /itrh'tcaim.^-H  is  remarkable  that  the  ootyledone  of 
this  st)ecies  behave  differently  fit>m  t  hose  of  the  last.  They  were 
obeerved  during  6  wecifs  from  their  first  developTnent  nntil 
they  had  grown  to  a  very  larpe  size  (still  appearing  fifSti  and 
green),  viz.  2i  inches  in  breadth.  At  this  ago  a  true  leaf  had 
liecn  formed,  which  with  its  petiole  was  2  inches  long.  Buring 
the  whole  of  these  G  weeks  the  cotyledons  did  not  sink  at  night ; 
yet  when  old  their  weight  wiks  considerable  and  they  were  borne 
liT  much  elongated  petioIcR.  JScedlings  raised  from  some  seed 
Kent  U8  from  Naples,  Ixihaved  in  tlie  same  manner;  as  did  those 
of  A  kind  cultivated  in  Alabama  and  <.f  the  Sea-istnud  cotton. 
To  what  species  those  thr«o  latter  forms  Iwlonp  we  do  not  know. 
Vie  could  not  make  out  in  tho  case  ol'  the  Naples  cotton,  that 
the  position  of  the  cotyledons  at  night  was  infiuenc^  by  tho 
soil  being  more  or  lestt  dry  ;  care  being  taken  that  they  woro 
not  rendered  flaccid  by  being  too  dry.  The  weight  of  the  large 
cotyledons  ot  the  Alabama  and  Sea-iKland  kinds  caused  them  to 
hang  somewhat  dcwnwarda,  when  tho  i>ots  in  which  they  grow 
were  left  for  a  time  upside  down.  It  should,  however,  bo 
observed  that  the&e  ttiree  kinds  were  raised  in  the  middle  ol 
the  winter,  which  BometiraL-s  greatly  inlcrt'eres  with  tho  prujiet 
oyctitropic  moTcmuutfi  of  loavu6  &ud  cotyledoub. 
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C'fcftrhitiirece.—ThQ  cotyledons  of  Ciicurhita  aurantia  and  owi- 
fera,  and  of  Lageti<iriavufg>iris,  stand  from  tlie  Lst  lu  tlieSnl  day 
of  their  lifo  at  about  GO*  above  the  horizon,  and  at  night  rise  up 
80  as  to  become  vertical  and  in  close  contact  with  oue  another. 
"With  (kicumiB  du'Iaiin  they  stood  at  noon  at  4D°  alKtvo  the  liori- 
zon.  and  closed  at  night.  The  tips  of  the  cotylcdona  of  ull  t)iese 
ej>ecies  are,  however,  reflexed,  ko  that  this  }>iirt  is  fully  exposeil 
to  tho  zenith  at  night;  and  thisfnct  is  opposed  to  the  l:«clicf 
that  the  inoyeinont  is  of  the  same  natui'o  as  that  of  sleeping 
plants.  After  tho  first  two  or  three  days  the  cotyleiions 
diverge  wore  during  the  day  and  oeafio  to  close  at  nif^ht. 
Those  of  Trithosajithcs  uv(iviriu  arc  soincwlmt  thick  and  flosliy, 
and  did  not  rise  at  night;  and  they  could  perhaps  hardJy  be 
exi>octod  to  do  so.  On  tho  other  hand,  those  of  J cat'lhusici/oM 
horrida  *  present  nothing  in  their  appearance  opixwcd  to  their 
moving  at  night  in  tko  same  nianncr  as  tho  precej:linp  species; 
yet  they  did  not  rise  np  in  any  plain  manner.  This  fact  leads 
to  the  liolief  that  tho  noctnmal  raovcmonts  of  the  above-named 
species  has  been  acquired  for  some  spceial  purpose,  which  may 
be  to  protect  the  yoimg  pimnule  from  radiation,  by  tho  close 
contact  of  the  whole  basal  portion  of  tho  two  cotyledons. 

(J'Taiiium  roiuntti/'olium  (GoraniacOf;). — A  single  seedling  came 
np  accidentally  in  a  pat,  and  its  cotyledons  wore  observed  to 
bend  perpendicularly  downwards  during  several  Ruccessive 
nights,  having  lieen  horizontal  at  noon.  It  grew  into  a  tine 
plant  but  died  before  flowering:  it  was  sent  to  Kew  and  pro- 
nounc^ed  to  be  certainly  a  Geranium,  and  in  all  probability  tho 
abovG-muned  B]iecies.  This  ease  is  remarkable  because  the 
cotyledons  of  O.  ci"erewn,  Ewiressii,  Ibericum,  lUchardavfii,  and 
»uhettMi' nrj-m  woro  obR(a'\"e(l  during  Borue  weeks  in  tho  winter, 
and  they  did  not  sink,  whilst  those  of  G.  Ih  ricum  rtwe  27°  at 
night 

Affiam  petroselimtm  (Uintxtllifene).— A  seedling  had  its  coty- 
ledons {Nov.  22nd)  almost  fully  expanded  during  the  day;  by 
8.30  PM.  they  had  risen  considerably,  and  at  10.30  P.M.  wer<i 
almost  closed,  their  tips  being  only  y^  of  an  inch  ajmrt.  On 
the  following  morning  (23rd)  Uie  tips  were  ^^  of  on  inch  a]]art, 


*  Tliia  plant,  from  Dammnra 
LiMul  ill  S.  Arricii^  lA  rcriiarkiibliQ 
fntoi  being  tlio  i>iii>  known  hk'Id- 
liet  of  tljfl  Furoily  which  ik  uul  a 


olirubcr;  it  has  been  d(wcril«i«j 
hi  'Transact.  Idnn.  Boo,,*  sktU 
p.  30. 
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or  more  than  seven  times  as  rntich.  On  the  next  nigbi  the 
cotyledons  occupied  ne.irly  the  same  pofiiiion  as  before.  On  the 
luuriiing  of  the  S^lth  they  stood  horizontally,  ftad  at  night  wore 
GO*  above  the  horir^on ;  and  so  it  was  on  the  night  of  the  2jth, 
But  four  days  afterwards  (on  the  iii*tli),  wlit-u  tho  seedlings 
were  a  week  old,  tho  cotyledons  had  LOased  to  rise  at  night  to 
Atiy  plain  de^eo. 

Apiwn  graveolena — The  cotyledons  at  noon  were  horizontal, 
uiid  at  10  P.M.  Btocl  at  an  angle  of  61°  alwre  the  horizon. 

i.actuat-  8caTy>ta  (Comijoaitie). — The  colyledons  whilst  yonng 
stood  sub-horizuutjilly  during  the  day,  and  at  night  rose  so  aa 
to  bo  abuost  vei  tical,  and  some  were  quite  vertical  and  clORod ; 
but  this  inuveincnt  ceased  wlicn  they  had  grown  old  and  largo, 
after  an  intorval  of  11  days. 

Beiianthus  umiutta  (Corapositae). — This  case  in  rather  doubtful ; 
the  cotyledons  rise  at  night,  and  on  one  occasion  they  stood  at 
73^  alwvG  tho  horizon,  bo  that  they  might  tlien  be  Kaid  to  have 
been  asleep. 

Jpamaea  coerulea  vel  PharhUia  ml  (Convolvulacem). — The  coty- 
ledons behave  in  nearly  the  same  mauDcr  as  tho^e  of  the  Anoia 
and  Nankin  cotton,  and  like  them  grow  to  a  lai^e  sizo.  "WTiilst 
young  and  small,  so  that  their  hbdes  were  irom  "5  to  'tj  of  an 
inch  in  longtli,  measured  along  the  middle  to  the  hiwe  of  the 
c-euti-al  notch,  they  remainetl  liorizontal  both  during  the  middle 
of  the  day  and  at  night.  As  they  increased  in  siKe  they  liegan 
to  sink  more  and  more  in  tlie  evening  and  early  night;  and 
when  they  had  grown  to  a  length  (meaaured  in  t!ie  n^wve 
manner)  of  from  I  to  l%i  inch,  thoy  sank  Itotweeii  fi5°  and  70° 
Iwnoath  tlie  horixou.  They  uctal,  however,  in  this  manner  only 
when  they  had  l)cea  well  ilhiniinated  during  the  day.  Never- 
theless, the  cotyledons  have  little  or  no  jwwer  of  bending 
towards  a  lateral  light,  although  the  hypocotyl  is  strongly  hclio- 
tropic.  They  ore  not  provided  with  a  pulvinus,  but  continue 
to  grow  for  a  long  time. 

Jpomftti  jiurj'Urett  (vel  }*haThi.iis  his/d'in). — The  cotylodona 
behave  in  all  resi^ect*  like  those  of  J.  cartUea.  A  seedling  with 
cotyledons  -lo  iuch  iti  length  (meoBurod  as  beforej  and  1*(J5 
inch  in  breadth,  having  a  small  true  leaf  developed,  was  placed 
at  5.30  P.u.  on  a  klinostat  in  a  darkened  box,  ho  that  noitlier 
weight  nor  gootropisra  could  act  on  thorn.  At  10  p  m.  one  coty- 
ledon stood  at  77^^  and  the  other  at  8ti°  beneath  the  horizon. 
Before  being  placed  in  tho  klinostat  they  stood  at  15*  and  29* 
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beneath  the  borizon.  The  nocturnal  positioa  depends  chiefl; 
on  the  curvature  of  the  petiole  cIoro  to  the  blade,  but  Ihe  whole 
petiolo  becomes  Blightly  curved  downwards.  It  deserves  notice 
that  see<Uing8  of  this  and  the  last-named  species  were  roieed  at 
the  cud  of  February  and  anotlier  lot  in  the  middle  of  March, 
uid  the  cotyledons  in  neither  case  exliibitod  any  nyclitrojiio 
movenient. 

Ipomna  hona-noz. — The  cotyledons  after  &  few  days  grow  to 
an  cnonnonR  size,  those  on  a  yonug  seedling  being  34  inches 
in  breadth.  They  were  extended  horizontally  at  noon,  and  at 
10  P.M.  Btoo<l  at  63°  beneath  the  horizon.  Five  days  after- 
wards tliey  were  4i  inches  in  breatUb,  and  at  niglit  one  stood  at 
61^  and  the  other  48°  beneath  the  horizon.  Though  the  blades 
are  thin,  yet  from  their  great  size  and  from  the  petioles  being 
long,  we  imagined  that  their  depression  at  night  might  be 
detennined  by  their  weight;  but  when  the  pot  was  hiid  hori- 
zontally, they  became  curved  towards  the  hypocotyl,  -which 
nioveruent  could  not  have  been  in  tho  least  aided  by  their 
weight,  at  tho  same  time  they  were  somewhat  twisted  upwards 
through  apogeotropism.  Nevertheless,  the  weight  of  the  coty- 
ledons is  so  far  iutluotitial,  that  when  on  another  night  the  |X)t 
was  turned  upside  down,  they  were  unable  to  rise  and  thus  to 
assume  their  proper  nocturnal  position. 

Ipom-'a  coccitie't. — The  cotyledons  wliilst  young  do  not  sink 
at  niglit,  hut  when  gi-own  a  little  older,  but  still  only  -4  inch  in 
length  (measured  as  Ixifore)  and  '82  in  breadth,  Hiey  became 
greatly  depi-eased.  In  one  case  they  were  horizontal  at  noon. 
and  at  10  p.u.  one  of  thorn  st<jod  at  64°  and  tho  other  at  47° 
beneath  the  horizon.  Tho  blades  are  tliin,  and  the  petioles, 
which  become  much  curved  down  at  njg}it,  are  short,  so  that 
bei-e  weight  can  hardly  have  produced  any  effect.  With  all  the 
above  species  of  Ipomcca,  when  the  two  cotyledons  on  tho  same 
seedling  wore  unc<^ually  depressed  at  night,  this  seemed  to 
depend  on  the  positioa  which  they  had  held  during  the  day 
vritli  reference  to  the  light. 

.Sfil<it'U7n  h/*rGporsicum  (Solaneaa).  —  The  cotyledons  rise  so 
much  at  niplit  as  to  come  nearly  in  contact.  Those  of  S.  palina- 
canihnm  were  horizontal  at  noon,  and  by  10  p.m.  had  risen  only 
27"*  Sff ;  but  on  the  following  morning  before  it  was  light  they 
etood  at  59°  above  the  horizon,  and  in  the  afternoon  of  the  samu 
djiy  were  again  horizontal.  The  behaviour  of  the  cotyledons  ul 
this  latter  species  eeoins,  therefore,  to  be  anomalous. 
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MirabHis  juiapa  and  longijhra  (Nyctagines).—  Th?  cotylodona, 
which  arc  of  xmoqiial  size,  stand  horizontally  daring  the  middle 
of  the  day,  and  at  night  rise  up  Tertieally  and  eome  into  close 
oouiact  with  one  another,  itat  this  movement  with  M.  lon^i/lora 
lusted  for  only  the  three  first  nights. 

Uttii  vul^ris  (Folygoneie). — A  large  number  of  seedlings  were 
oiuicrvod  on  three  occasions.  Daring  the  day  the  cotyli^Iona 
sometimes  stotxl  snb-horizoutally,  but  more  commonly  at  an 
aii>;Ie  of  about  oU'^  above  the  horizon,  and  for  the  &rst  twu  or 
three  nights  they  rose  up  vertically  ko  as  tn  be  completely 
closed.  Daring  the  succeeding  cue  or  two  nights  they  rose 
only  a  little,  and  afterwarrls  hardly  at  alL 

Amarouihus  nttulatus  (Amaronthaccfe). — At  noon  the  coty- 
ledons of  many  seedlings,  which  had  just  germinated,  stood  at 
about  45°  above  the  liorizon,  and  at  10.15  p.m.  eome  were  nearly 
aud  others  quite  closed.  On  the  following  morning  they  wero 
again  well  expanded  or  open. 

C<muahU  Kitivii  (Canuabineffl).— Wear©  very  doubtful  whether 
this  plant  ought  to  Iw  hero  included.  The  cotyledons  of  a  large 
number  of  seedlings,  after  being  well  illuminated  during  the 
day,  were  curved  downwards  at  night,  so  that  tlio  tips  of  some 
jiointed  directly  to  tlic  ground,  but  the  liasal  part  did  not  appear 
to  bo  at  oU  depn^swed.  On  the  following  morning  tliey  wero 
again  flat  aud  horizontiU.  The  cotyledons  of  many  other  seed- 
lings were  at  the  same  tiiue  not  in  any  way  affected.  Therefore 
this  case  seems  very  diffeix^nt  from  that  of  ordinary  »lcep,  and 
probably  comes  iindcr  the  head  of  upinosty,  as  is  the  case  with 
tlw  leaves  of  tliis  plant  according  to  Krans.  The  cotyleduuH  are 
heliotropic,  aud  so  is  the  liyiKKotyl  in  a  still  Ktrungor  degree. 

OxaiiH. — We  now  eomo  to  cotyledons  provided  with  a  pulvinufi, 
all  of  which  are  remarkable  from  the  contiuunace  of  the  noutumal 
movements  during  sevoml  days  or  even  weeks,  and  apparently 
after  growth  has  ceased.  The  cotyledons  of  (J.  rusta^jhuibuhda 
and  urli'oiluta  sink  vertically  down  at  night  and  clasp  the  upjier 
part  of  the  hypocotyl.  Those  of  0.  Vaf'iivintia  aud  s-naitiva,  on 
the  contrary,  rise  vertically  up,  so  that  tlioir  u|»por  sui-facea  coiue 
into  close  contact;  and  after  the  yoimg  leaves  ai-c  develo|xid  thew 
are  clasped  by  the  cotyledons.  As  in  i\\Q  daytime  thoy  stand  hori- 
zoatallj'j  or  are  even  a  little  deflected  beneath  Iho  horizon,  they 
move  in  the  evening  throngh  an  angle  of  at  IcaBt  90"^.  Tlieij 
»mpIicotcd   cireumnutatiiig  movements  during  tht  day  hiiv« 
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Ijpeii  descritx?ii  in  the  first  cbnpter.    The  oxpcriment  «■«  a 

pnperfluons  rmp^hut  potawithseodlingaof  O.  nwfti  ATid.Jlortlm?i'fa 
■were  turned  upsido  dowu,  as  soon  ae  thfl  cotyledons  began  to 
show  any  signs  of  sleep,  and  this  made  no  difference  in  their 
movements. 

J.ai/uminosai.^lt  may  be  8<?en  in  oirr  list  that  tho  cotyledons 
of  several  sproies  in  nine  goriern,  widely  diRtribiited  throagU- 
ont  the  Fnniily,  sleep  at  night;  and  this  pi-ohahly  is  the  case 
with  many  othcrR.  The  cotjledoiiR  of  all  these  ppecies  arc  pro- 
vided with  a  pTilvinus;  and  the  movement  in  all  is  continued 
during  many  days  or  weeks.  In  CaRsia  the  cotyledons  of  t^ie 
ten  species  in  the  list  rise  tip  vertically  at  night  and  couiti 
into  close  contact  with  one  another.  We  obRerved  that  those' 
of  C.  Jioriifa  opened  in  the  morning  nilher  lalor  than  tlioso  of 
C.  glauax  and  puhf&cens.  The  movement  is  exactly  the  Bamo 
in  C.  mimosoidts  as  in  the  other  species,  though  its  snbseqnently 
developed  leaves  sleep  in  a  different  manner.  The  cotyledons 
of  an  eleventh  Rpecies,  namely,  C.  no(/wa,  are  thick  and  fleshy, 
and  do  not  rise  up  at  night.  The  circiamnnlation  of  the  coty- 
ledons during  the  day  of  C.  tora  has  been  described  in  the  first 
chapter.  Althoiigh  the  cotyledons  of  .Smi'Mra  sfnsitit-a  rose  from 
a  horizontal  position  in  tho  middle  of  the  day  to  a  TOi-tical  oDd 
ac  night,  those  of  S.  r/undii,  which  are  thick  and  fleshy,  did  not 
sleep.  When  Mim'sa  pudOa  and  albida  have  been  kept  at  a 
Bufflcicntly  high  toraperatnre  dnring  the  day,  the  cotyledons 
come  into  close  contact  at  night ;  oiLer-n-iso  they  merely  rise  «p 
almost  vertically.  The  circnmnutation  of  those  of  M.  j'udica 
has  been  dcscrihed.  The  cotyledons  of  a  Banhinia  from  St. 
Cathorina  in  Brazil  stood  during  tho  day  at  an  angle  of  alK)nt 
BU°  alH>ve  the  horizon,  and  at  night  rose  tu  77°;  hut  it  is  pro- 
l>able  that  they  would  have  closed  completely,  if  the  eoedlinga 
liatl  licen  kopt  in  a  warmer  place. 

Lotus. — In  three  species  of  Lotus  the  cotyledons  were  observed 
to  sleijp.  Those  of  L.  Jaccbteus  present  tho  eingulai  case  of  not 
rising  at  night  in  any  conspicuous  niunner  for  the  first  6  or 
B  days  of  their  life,  and  the  pulvinus  is  not  well  develo|>ed  at 
this  period.  Afterwards  tho  sleeping  moven:ent  is  well  dis- 
played, tliough  to  a  variable  degi-eo,  and  is  long  continued. 
Wo  shall  hereafter  meet  with  a  nearly  parallel  case  with  tho 
Icavea  of  Sida  rhomhifu^iu.  The  cotyledons  of  2j.  OebcUi  are 
r>nly  slightly  i-aised  at  night,  and  differ  much  in  this  resi)ec< 
from  t!ic  three  Bi>e^iea  in  our  list. 
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^ifJimm. — ^Tbe  germimtion  of  21  species  was  obserrod.  In 
most  of  them  the  ootytedoos  die  hsnllj  at  &I1,  or  onlj  sUghtlj, 
at  night;  bat  those  of  T.  ylomerutum,  (ttriatun  and  inoni*atum 
rose  from  45°  to  55°  above  the  horizon.    With  7*.  nbtmumeum, 

lemoa»th'-mvm  and  A/rAfum,  they  stood  up  vertically;  and  vith 
T.  stridum  the  rimnn. movement  is  aoeompanied.  as  wc  shall  9c<\j 
by  another  movement,  which  makes  as  bolicvo  that  the  rising 
is  truly  nyctitropic.  Wu  did  not  carefully  examine  the  coty- 
ledons of  all  the  species  for  a  pnlvinns,  but  tins  orpin  wu 
distinotty  present  in  those  of  T,  tubterrmrum  and  iciriclum  ;  vhilfit 
there  wiu  no  trace  ufa  pulvinns  in  some  species,  for  instance,  in 
T.  ntupiiyttum,  the  cotyledons  of  which  do  not  rise  at  night 

Tr^olium  m/f^rrranmn. — ^Thc  blades  of  the  cotyledons  on  the 
first  day  after  germination  (Nov.  2lst)  wtro  not  fully  ex(ianded« 
being  inclined  at  about  35°  above  the  horizon;  at  night  they 
lose  to  about  75".  Two  days  afterwards  the  blades  at  noon 
were  horizontal,  with  the  petioles  highly  inclined  upwards; 
and  it  is  remarkable  thai  the  nocturnal  morcmout  is  almost 
witolly  confined  to  tlie  blades,  being  effected  by  the  pulvinns  at 
their  bases;  whilst  the  petioles  retain  day  and  night  nearly  the 
Bame  inclination.  On  this  night  (Nov.  2:lrd),  and  for  Rome  few 
encceeding  nights,  the  blades  rose  from  a  horizontal  into  n 
rertical  position,  and  then  Itecame  bowe<l  inwanls  at  aUiut  an 
average  angle  of  10°;  so  that  they  had  passed  through  an  angle 
of  l(K)'^.  Their  tips  now  almost  touched  one  another,  their 
bases  being  slightly  divorgeut.  The  two  blades  thus  formed 
a  higlily  inclined  roof  over  the  aiis  of  the  seedling.  This 
movement  is  the  same  ns  that  of  the  terminal  leaflet  of  the 
tripartita  leaves  of  many  sjiocies  of  Trifnlium.  After  an  inteiTol 
of  8  days  (Nov.  2'Jtb)  the  blades  wore  horizonbil  during  tho 
day,  and  vertical  at  night,  and  now  they  were  no  longer  bowed 
inwards.  They  continued  to  move  in  tlie  same  manner  for  the 
following  two  months,  by  wliich  lime  they  had  increased  gi-eatly 
in  size,  their  petioles  being  no  loss  than  *8  of  au  inch  in  lengtli, 
and  two  true  leaves  had  by  this  time  Itoon  developed. 

Trif'linm  s/rtV/um.— On  the  first  day  after  germination  the 
cotyledons,  which  are  provided  with  a  pulvinns,  stood  at  noon 
horizontally,  mul  at  ui^'ht  rose  to  only  about  45°  abovo  ilie 
horizon.  Fonr  days  nft«rwnr<l.s  the  seedlings  were  again  ob- 
served at  night,  and  now  the  blades  stood  vertically  and  wore 
in  contact,  pxocpthii:  tho  tips,  which  were  much  doflosed,  so 
that  they  faced  the  /onitU     At  this  ugr  the  pcttiolea  are  curved 
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upwarUa,  and  at  night,  when  the  bases  of  the  blades  are  iu  con- 
tact, the  two  potioloB  together  form  a  vertical  ring  surrounding 
the  plumule.  The  cotyledons  continued  to  act  in  nearly  the  same 
manner  for  8  or  10  days  from  the  period  of  germiuatiou;  but 
the  petioles  Jiad  by  this  time  become  straight  and  had  increa.<ffid 
much  in  length.  After  fi-om  12.  to  14  days  the  first  simple  true 
leaf  was  formed,  and  during  the  ensuing  fortnight  a  remarkable 
movement  was  repeatedly  observed.  At  I.  (Fig.  VJ.5)  we  have 
a  sketch,  made  iu  Ihe  middle  of  the  day,  of  a  seedluig  about 
a  fortnight  old;  Tlie  two  cotyiwlous,  of  which  lie  is  the 
light,  and  Lc  the  left  one,  stand  directly  opposite  one  another. 


T^/othtm  atrktum:  'liornftl  .nnJ  ooclurnal  posittom  of  tha  two  colyl«>l<i04 
and  of  the  first  Ivuf.  I.  Seudlin^  viawcd  ubliqucly  frout  above,  iluriu^; 
ttic  (lay:  Re,  right  o<ityloi(fiu;  Lc,  left  cotyledon;  F,  first  troe  leiif. 
II.  A  rathur  younger  seoiUiiig,  ricweil  nt  oight:  ^c,  right  cotyloJou 
raiBciJ,  but  its  pd.-ition  not  otherwMo  ehjingutl ;  Ac,  left  i-otyMco  x*\\<e^\ 
nod  ]«tor»lly  twistoJ;  F^  first  k'.if  rjusiMi  nijJ  twisted  eo  n»  to  t«co  the 
lelt  twistaiil  cotyliiilon.  III.  Siiine  Keedlin^  viewed  nt  night  from  the 
ou))i>»it(!  Mtde.  Tli«  back  of  the  fu'Ht  leaf*  F^  U  here  shovm  lostead  of 
the  front,  aa  fa  II. 

and  the  first  true  leaf  {F)  projocta  at  right  angles  to  them.  At 
night  (pce  II.  and  IU.)  the  right  cotyledon  {lie)  is  greatly 
raieoti,  but  is  not  othcnvise  changed,  in  position.  The  left 
cotyledon  (/  0  is  likewiHe  miseil,  hut  it  is  also  twisted,  so  that 
its  blade,  instead  of  exactly  ftu-ing  the  opposite  one,  now  stands 
at  nearly  right  angles  to  it  Thisnoctunial  twisting  movement 
is  affected  not  by  means  of  the  pulvinus,  but  by  the  twisting  of 
the  whole  length  of  the  petiole,  as  could  l>e  seen  by  the  eurveil 
Ime  of  itfl  upper  concave  surface.  At  the  same  time  the  true 
leaf  (/''J  risea  u]),  po  as  to  stand  vertically,  or  it  even  passes  the 
Toriieal  and  is  inclined  a  little  inwards.  It  also  twists  a  little, 
by  which  means  the  upper  surface  of  its  blndu  fronts,  aud 
almost  comes  into  contact  with, the  upper  surface  of  the  twisted 
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laft  eotyledoiL  This  Mcma  to  be  the  ot^eci  gained  bj  tbeee 
ongnlar  moyemcnta  AltogotlMr  90  seedlings  vere  examined  oa 
encoeeaiTe  nighte,  uid  in  19  of  ihesa  it  tu  the  left  cotyledoD 
alone  which,  became  tnisted,  with  the  true  leaf  alwa^^s  so  twieted 
that  its  upper  Borfafe  approodied  close];  and  fronted  that  of  the 
left  cotyledon.  In  only  ooe  inataaoe  was  the  right  cotvledon 
twisted,  with  the  trae  leaf  twistod  towards  it;  bat  this  eeedling 
was  in  au  abnormal  condition,  as  the  left  cutjriedon  did  not  riaa 
np  properly  at  night.  Tliis  whole  case  is  remarkable,  as  with 
the  co^Iedons  of  no  other  plant  hare  we  seen  any  noctnmal 
movement  except  rerticnlly  Dpwnrds  or  downwards  It  is  the 
more  remarkable,  becanae  we  shall  meet  with  an  analogom  case 
in  the  leaTes  of  the  allied  genus  Ulelilotns,  in  which  the  ter- 
minal  leaflet  rotates  at  night  eo  as  to  present  one  edge  to  the 
zenith  and  at  the  same  time  bends  to  one  side,  so  that  its  npper 
cnrfacc  comes  into  contact  with  that  of  one  of  the  two  now  ver- 
tical lateral  leafletn. 

Conduding  liemarks  on  the  Nyctifrapie  Movements  of 
OotyJedoTis. — The  sleep  of  cotyledons  (though  this  is  a 
subject  which  has  been  little  attended  to),  seems  to  be 
H  more  common  phenomenon  tlian  tliat  of  leaves.  We 
observed  the  position  of  the  cotyledons  during  the  day 
and  night  in  153  genera,  widely  distributed  through- 
out the  dicotyledonous  series,  but  otherwise  selected 
almost  by  hazard ;  and  one  or  more  species  in  26  of 
these  genera  placed  their  cotyledons  at  night  so  as 
to  stand  vertically  or  almost  vertically,  having  gene- 
lally  moved  through  an  angle  of  at  least  60^  If  we 
lay  on  one  side  the  Leguminoste,  the  cotyledons  of 
which  are  particularly  liable  to  sleep,  140  genera 
remain ;  and  ont  of  these,  the  cotyledons  of  at  least  one 
species  in  19  genera  slept.  Now  if  we  were  to  select 
by  hazard  14.0  genera,  excluding  the  Leguminos©,  and 
observed  their  leaves  at  night,  assuredly  not  nearly 
80  many  as  19  would  be  foimd  to  include  sleeping 
species.  We  here  refer  cxchisivoly  to  the  plautf 
obsGrrod  by  ourselves. 
21 


812 


MODIFIED  CIBCUMNUTATION. 


Chap.  VI 


In  our  entire  list  of  seedlings,  there  arc  30  genera, 
belonging  to  IC  Families,  the  cotyledons  of  which  in 
some  of  the  species  rise  or  sink  in  the  evening  or 
etkslj  night,  so  as  to  stand  at  least  60°  above  or  be- 
neath the  horizon.  In  a  large  majority  of  the  genera, 
namely,  24,  the  movement  is  a  rising  one;  so  that 
the  same  direction  prevails  in  these  nyctitropic  move- 
ments as  in  the  lesser  periodic  ones  described  in  the 
second  chapter.  The  cotyledons  move  downwards 
during  the  early  part  of  the  night  in  only  G  of  the 
genera;  and  in  one  of  them,  Cannabis,  the  ciuving 
down  of  the  tip  is  probably  due  to  epinasty,  as  Kraus 
believes  to  be  the  case  with  the  leaves.  The  down- 
ward movement  to  the  amount  of  90^  is  very  decided 
in  O^dis  VMiviana  and  sensiHva,  and  in  Geranium 
rolundifolium.  It  is  a  remarkable  fact  that  with  Anoda 
Wrightiit  one  species  of  Gossypium  and  at  least  3 
species  of  Ipomoea,  the  cotyledons  whilst  young  and 
light  sink  at  night  very  little  or  not  at  all ;  although 
this  movemejit  becomes  well  pronounced  as  soon  as 
they  have  grown  large  and  heavy.  Althongh  the 
downward  movement  cannot  be  attributed  to  the 
weight  of  the  cotyledons  in  the  several  cases  whi»'h 
were  investigated,  namely,  in  those  of  the  Anoda, 
Jpomoea  purpurea  and  hona-nox^  nor  in  that  of  I  coc- 
<nneaf  yet  bearing  in  mind  that  cotyledons  are  con- 
tinually circumnutating,  a  slight  cause  might  at  first 
have  determined  whether  the  great  nocturnal  move- 
ment should  be  upwards  or  dowTiwards.  We  may 
therefore  suspect  that  in  some  aboriginal  member  of 
the  groups  in  question,  the  weight  of  the  cotyledons 
first  determined  the  downward  direction.  The  fact  of 
the  cotyledons  of  these  species  not  sinking  down  much 
whilst  they  are  young  and  tender,  seems  opposed  to 
the  belief  that  the  greater  movement  when  they  are 
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grown  older^  has  been  acquied  for  the  sake  of  pn> 
teotuig  them  from  xadiation  at  night ;  but  thea  ire 
shooitl  remember  that  there  are  manj  plants^  the 
lemrea  of  which  aleep*  vhikt  the  cotyledims  do  not ; 
and  if  in  some  cases  the  leayes  aie  protected  liom  cold 
at  night  whilst  the  ootjledona  are  not  protected,  so  in 
other  coses  it  may  be  of  more  importance  to  the  species 
that  the  nearly  full-grown  cotyledons  should  be  better 
protected  than  the  young  ones. 

In  all  the  species  of  Oxalis  observed  by  us,  the  coty- 
ledons are  provided  with  pulrini ;  but  this  organ  has 
become  more  or  less  rudimentary  in  0-  cornuuhta, 
and  the  amonnt  of  upward  movement  of  its  cotyledons 
at  night  is  very  variable,  but  is  never  enough  to  bo 
called  sleep.  We  omitted  to  ascertain  whether  tho 
cotyledons  of  Geranium  rotundi/olium  possess  pulvini. 
In  the  LeguminosoB  all  the  cotyledons  which  sleep,  as 
far  as  we  have  seen,  are  provide<l  with  pulvini.  But 
with  Lotus  Jaeohieus,  these  are  not  fully  dcvclope^l 
during  the  first  few  days  of  the  life  of  the  seedling, 
md  the  cotyledons  do  not  then  rise  much  at  nigbt. 
With  Trifolium  sin'dum  the  blade^i  of  the  cotyledons 
rise  at  night  by  the  .aid  of  their  pulvini ;  whilst  tho 
petiole  of  one  cotyledon  twists  half-round  at  the  same 
time,  independently  of  its  pulvinus. 

As  a  general  rule,  cotyledons  which  are  provided 
with  pulvini  continue  to  rise  or  sink  at  night  during 
a  much  longer  period  than  those  destitute  of  tills  orgiiu. 
In  tliis  latter  cose  the  movement  no  doubt  depends  on 
aiteniately  greater  growth  on  the  upper  and  lower  side 
of  the  petiole^  or  of  the  blade,  or  of  both,  preceded 
probably  by  the  increased  turgescenco  of  the  growing 
cells.  Such  movements  generally  last  for  a  very 
short  period — for  instance,  with  Brassica  and  Githago 
for  4  or  5  nights,  with  Beta  fop  2  or  8,  and  with 
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Raphanus  for  only  a  single  night.  There  are,  howeYer, 
some  strong  exceptions  to  tJus  rule,  iw  the  eotjl^iduiuj 
of  Gossypiuin,  Anoda  and  Ipomcea  do  not  possess  pul- 
vini,  yet  continue  to  move  and  to  grow  for  a  long  time. 
We  thought  at  first  that  when  the  movement  lasted  for 
only  2  or  3  niglits,  it  could  hardly  be  of  any  servicu 
to  the  plant,  and  hardly  deserved  to  be  called  sleep ; 
bnt  as  many  quickly-growing  leaves  sleep  for  only  a 
few  nights,  and  as  cotyledons  are  rapidly  developed 
and  soon  complete  their  growth,  this  doubt  now  seems 
to  U8  not  well-founded,  more  esj>ecially  as  these  move- 
ments are  in  many  instances  so  strongly  pronounced. 
We  may  here  mention  another  point  of  similarity 
between  sleeping  leaves  and  cotyledons,  namely,  that 
some  of  the  latter  (for  instance,  those  of  Cassia  and 
Githago)  are  easily  affected  by  the  absence  of  light; 
and  they  then  either  close,  or  if  closed  do  not  open  ; 
whereas  others  (as  with  the  cotyledons  of  Oxalis)  are 
very  little  affected  by  light.  In  the  next  chapter  it 
will  be  shown  that  the  nyetitropic  movements  both 
of  cotyledons  and  leaves  consist  of  a  modified  form  of 
circumnutation. 

As  in  the  Leguminosa*  and  Oxalidie,  the  leaves  and 
the  cotyledons  of  the  same  species  generally  sleep,  the 
idea  at  first  naturally  occurred  to  us,  that  the  sleep 
of  the  cotyledons  was  merely  an  early  development  of 
a  habit  proper  to  a  more  advanced  stage  of  life.  But 
no  such  explanation  can  be  admitted,  although  tiicre 
seems  to  be  some  connection,  as  might  have  been 
expected,  between  the  two  sets  of  cases.  For  the 
leaves  of  many  plants  sleep,  whilst  their  cotyledons  do 
not  do  so — of  which  fact  Desmodium  gyrans  offers  a 
good  instance,  as  likewise  do  three  species  of  Nico 
tiana  observed  by  us;  also  Sida  rhomhifuliaj  AbuHlon 
Darv'ivii,   and   Chenopodium  a^hutn.     On   the   other 
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hand,  the  cotyledons  of  some  plants  slet^p  nnd  not  the 
leaves,  aa  with  the  species  of  Beta,  Brassica,  Gemnium, 
Apium,  Sdanum,  and  Mirabilis,  nauied  in  our  list. 
Still  more  striking  is  the  fact  that,  in  the  same  gonus, 
the  leaves  of  several  or  of  all  the  species  may  sleep, 
but  the  cotyledons  of  only  some  of  them,  aa  occurs 
with  Trifolium,  Lotus,  Gossypium,  and  partially  with 
Oxalia.  Again,  when  both  the  cotyledons  and  the 
leaves  of  the  same  plant  sleep,  their  movements  may 
be  of  a  widely  dissimilar  nature  :  thus  witli  Cassia  the 
cotyledons  rise  vertically  up  at  night,  whilst  their 
leaves  sink  down  and  twist  round  so  aa  to  turn  their 
lower  surfaces  outwards.  With  seedlings  of  Oxaiis 
Valdivianaf  having  2  or  3  well-devclopod  leaves,  it 
was  a  curious  spectacle  to  behold  at  night  each  leaflet 
folded  inwards  and  hiinging  perpendicularly  down- 
wards, whilst  at  the  same  time  and  on  tlte  same  plant 
the  cotyledons  stood  vertically  upwards. 

These  several  facts,  showing  the  independence  of 
the  nocturnal  movements  of  the  leaves  and  cotyledons 
on  the  same  plant,  and  on  plants  belonging  to  the 
-Same  genus,  lead  to  the  belief  that  the  cotyledons  have 
acquired  their  power  of  movement  for  some  special 
purpose.  Other  facts  lead  to  the  same  conclusion, 
such  as  the  presence  of  pulvini,  by  the  aid  of  which 
the  nocturnal  movement  is  continued  during  some 
weeks.  In  Oialis  the  cotyledons  of  some  species 
move  vertically  upwards,  and  of  others  vertically 
downwards  at  night ;  but  this  great  difference  within 
^^  the  same  natural  genus  is  not  so  surprising  as  it 
^H  may  at  first  appear,  seeing  that  the  cotyledons  of  all 
^^  the  species  are  continumlly  oscillating  up  and  down 
^^  during  the  day,  so  that  a  small  cause  might  determine 
^H  whether  they  should  rise  or  sink  at  night.  Again,  the 
^H        peculiar  nocturnal  movement  of  the  left-hand  ooty- 
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ledon  of  Trifolmia  stricium,  iu  combination  with  that 
of  the  first  tnie  leaf.  Lastly,  the  wide  distribution  iu 
the  dicotyledonous  series  of  plants  with  cotyledons 
which  sleep.  Reflecting  on  these  several  facta,  our 
conclusion  seems  justitied,  that  the  nyctitropic  move- 
ments of  cotyledons,  by  which  Iho  blade  is  made  to 
staud  either  vertically  or  almost  vertically  upwards 
jr  downwards  at  night,  hfw  been  acquired,  at  leant 
in  most  cases,  for  some  8pe<rial  purpose;  nor  can  \vt> 
doubt  that  this  purpose  is  the  protection  of  the  upper 
fiurfacG  of  the  blade,  and  perhaps  of  the  central  bud 
ur  plumule,  from  radiation  at  night. 
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CHAPTER  Vn. 

UoDinZD  ClBOCM KVTA'nOX  :    NTOTTTROrK  OS  SlzZP  MOTCUSMlf  (» 
L£ATE&. 

Condittune  nr-ctteAry  for  tliesc  in"Tpnieiits — L^st  of  Genera  and  Fuuilk*, 
which  inclo'le  sleeping  plants — Description  of  the  moremente  in 
the  Mreiul  Gcdo-a — O&alis:  leaflets  foldul  ■!  nti^lit— ATcrrhok  : 
rapid  moTcntenti  of  the  U-ftflt-U — Porlie'iu:  knflets  rinse  when 
plant  kept  very  dry — Tn>pBoltim:  leaves  do  not  sleep  Qnless  well 
iUuiainat.d  dnrin^  day — Lapinos:  varoiu  modee  of  deepiag — 
Uelilotus :  singular  m<>vementB  o(  t-rmiunl  leaflet— Trifolium — 
Dcsmridium :  ruJimuuUry  Ut^-nil  ludfiet^,  moremeuU  of,  not  de- 
veloped on  yonng  plauts.  state  of  Ibeir  {luhJiii — C:iesia:  compli-x 
movements  "f  the  Itaflets — Bdahinia:  lesivia  foltlod  at  ui>:ht— 
Mimosa  pudlea:  compounded  muvements  of  leaves,  efRct  of  daik- 
ntse — Mimi.*s&  albidu,  rudui-cd  Luflutd  of— Schraukin :  dowuward 
movcQiciit  of  the  pinnsB — Miusilei :  tlie  only  i-rypbigam  known  to 
Bleep — Conrluilinj;  nm:irliB  and  summary— Nycdtrnpism  consbta 
of  modiOed  oirouniitut&tion,  reguhited  by  the  altcmatiuiLB  of  tight 
oud  darknesi—fihape  of  first  true  kftvea. 

We  now  come  to  the  nyctitropic  or  sleep  move- 
menU  of  leaves.  It  should  be  remembered  that  we 
confine  tbis  term  to  leaves  which  place  their  blades 
at  night  either  in  a  vertical  position  or  not  more  than 
30**  from  the  verticiU, — that  is,  at  least  iJO^  above  or 
beneath  the  horizon.  In  some  few  cases  this  is 
effected  by  the  rotation  of  the  blade,  the  petiole  not 
being  either  raised  or  lowered  to  any  conaidorablo 
extent  The  limit  of  30°  from  the  vertical  is  obviously 
an  arbitrary  one,  and  has  been  selected  for  reiLSfons 
previously  assigned,  namely,  that  when  the  blade 
approaches  the  perpendicular  as  nearly  as  this,  only 
half  as  much  of  the  surface  is  exposed  at  night  to  the 
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eenith  and  to  free  radiation  aa  when  the  blade  is 
horizontal.  Nevertheless,  in  a  few  instances,  leaves 
which  seem  to  be  prevented  by  their  structure  from 
moving  to  so  great  an  extent  as  GO''  above  or  beneath 
the  horizon,  have  been  included  amongst  sleeping 
plants. 

It  should  be  premised  that  the  nyctitropio  movti- 
menta  of  leaves  are  easily  affected  by  the  conditions 
to  which  the  plants  have  been  subjected.  If  the  ground 
is  kept  too  dry,  tho  movements  ai*e  much  delayed 
or  fail :  according  to  Dasaen,*  even  if  the  air  is 
very  dry  the  leaves  of  Impatieus  and  Malva  are 
rendered  motionless.  Carl  liraiia  has  also  lately 
insisted  t  on  the  great  influence  which  the  quantity  of 
water  absorbed  haa  on  the  2>eriodic  movements  of 
leaves ;  and  he  believes  that  this  cause  chiefly  deter- 
mines the  variable  amount  of  sinking  of  the  loaves  of 
Polygonum  convolvulus  at  night ;  and  if  so,  their  move- 
ments are  not  in  our  sense  strictly  nyctitropic  Plants 
in  order  to  sleep  must  have  been  exposed  tcS  a  proper 
temperature :  Eryihrina  crista-gaUi^  out  of  doors  and 
nailed  against  a  wall,  seemed  in  fairly  good  health, 
but  the  leaflets  did  not  sleep,  whilst  those  on  another 
plant  kept  in  a  warm  greenhouse  were  all  vertically  de- 
pendent at  night.  In  a  kitchen-garden  the  leaflets  of 
Phaseolus  vul^artB  did  not  sleep  during  tho  early  part 
of  the  summer.  Ch,  Royer  says^  referring  I  suppose 
to  the  native  plants  in  France,  that  they  do  not  sleep 
when  the  temperature  is  below  5"  C.  or  41**  F.  In 
the  case  of  several  sleeping  plants,  viz.,  species  of 


•  Dassen, '  Tijdaolirift  vor.  Na- 
turlijkt+  G^•8^•h.  en  Physiologip,' 
1837,  vnL  iv.  p.  lOU.  8og  also 
Oh.  Uoyor  on  the  importaucc  ot  a 
prtKMir  Btiite  of  turgcsCTiiiou  i»f  tlie 
cclli,    in   'Aniial.   dti    tio.   Nat. 


Bot'  r5th  aerieg\  Iz.  1868,  p.  315. 

t  '  heitrut^e  zur  Keiitiiiag  det 
Bewi  gutig.-n,'  &c.,  in  '  Flora,* 
1879,  pp.  42,  4'A,  67,  4*!. 

J  •  Aunul.  des  8n.  Nat  B»»t.* 
(SOi  Seriei^),  ix.    1868  p.3a6. 
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TrupiiKjlum,  Lupiaus,  Ipomaea,  Abutilon,  Sicgesbeckia, 
aud  probably  other  genera,  it  is  iudispeusuble  that 
the  leaves  should  be  well  illuminated  during  the  day 
Id  order  that  ihcy  may  assume  at  uight  a  vertical 
position ;  and  it  was  probably  owing  to  this  cause 
that  seedlings  of  Chenopodium  album  and  Sityesbeckia 
orientalia,  raised  by  us  during  the  middle  of  the  winter^ 
though  kept  at  a  proper  temperature,  did  not  sleep. 
Lastly,  violent  agitation  by  a  strong  wind,  during  a 
few  minutes,  of  the  leaves  of  Maranta  arundinacca 
(which  previously  had  not  been  disturbed  in  the  hot- 
house), prevented  their  sleeping  during  the  two  next 
uights. 

Wo  will  now  give  our  observations  on  sleeping 
plants,  made  in  the  manner  described  in  the  Intro- 
duction. The  stem  of  the  plant  was  always  secured 
(when  not  stated  to  the  contrary)  close  Uy  tlie  base  of 
the  leaf,  the  movements  of  which  were  being  observed, 
so  as  to  prevent  the  stem  from  circuntnutating.  An 
the  tracings  were  made  on  a  vertical  glftss  in  front  of 
the  plant,  it  was  obviously  impossible  to  trace  iti 
course  as  soon  as  the  leaf  became  in  the  evening 
greatly  inclined  either  upwards  or  downwards;  it 
must  therefore  be  understood  that  the  broken  -  linea 
in  the  diagrams,  which  represent  the  evening  and 
nocturnal  courses,  ought  always  to  bo  prolonged  to  a 
much  greater  distance,  either  upwards  or  downwards, 
than  appears  in  them.  The  conclusions  which  may  bo 
deduced  from  oiu*  observations  will  be  given  near  the 
end  of  this  chapter. 

In  the  following  list  all  the  genera  which  include 
sleeping  plants  arc  given,  as  far  as  known  to  us.  The 
some  arrangement  is  followed  as  in  former  cases,  and 
the  number  of  the  Family  is  appended.  This  list 
possesses  some  interest,  us  it  shows  that  the  habit  it/ 
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sleeping  is  comnioTi  to  some  few  plants  throughout 
the  whole  vascular  series.  The  greater  number  of  the 
genera  in  the  list  have  been  observed  by  ourselves 
with  more  or  less  care ;  but  several  are  given  on  the 
authority  of  others  (whose  names  are  appended  in  the 
list),  and  about  these  we  have  nothing  more  to  say- 
No  doubt  the  list  is  very  imperfect,  and  several  genera 
might  have  been  added  from  the  *  Somnus  Plantarum' 
by  Linuajus ;  but  we  could  not  judge,  in  some  of  hia 
cases,  whether  the  blades  occupied  at  night  a  nearly 
vertical  position.  Ho  refers  to  some  plants  as  sleeping, 
for  instance,  Lathyrus  odoratus  and  Vioiafaba,  in  which 
we  could  observe  no  movement  deserving  to  be  called 
sleep,  and  as  no  one  can  doubt  the  accuracy  of  Linnteus, 
we  are  left  in  doubt. 

J.ist  vf  (ienera,  hidudinff  sptcict  the  haves  of  w^iirh  ahep. 


Class  I.  DICOTYLEDO.XS. 

SutHL'lnU  I.    ANOIOAPKEMa. 


Family. 
Carynphyllea  (26>. 

n 
Portulaceu  (27). 
MalTn«£c  (36). 


Genus. 
Githiigo 

£te)Iam(BataliQ). 
Porlulncyi        C'-^*'-\ 
koyer).  / 

Sida. 
Abutilon. 

an.l  Pfrffar).       / 
HibiSL-us        {LiD-l 

Dirus).  / 

AooJA. 
Gt)ssy|iiQnt. 
Aycuiii  (Uddieus). 
Iriumfetia    (Lin-\   -, ,.  .-q. 

nmm).  }  T»l.«««(38). 

Linum  Cliitnlfo). 

Oialii. 

Avcri'hcMU 

I'orlieiia. 

Guiacutn. 

Impxtieiu       (Lin- 

peiiK,       Pff  Fer, 

B-iiatlD) 


Stcrcutacec  (57). 


l.tD«A  (39). 
jOialiaat  (41). 

Zygophylleai  (45). 
'  n 

BiiUnmlDea!  (48). 


Sub-class  I.  AXOIOSPERUS — contintttd, 

Genus.  Family. 

IVo|ja'oluni.  rropttoleai  (4&). 

Crtttolnriii  (TbiseN)    LegutniaoKn     (IS) 


ton  Djur). 
Lu[>inus. 
CytUiu. 
Trigonella. 
Meiiioag;)], 
M«lilotiiB. 
Ti'i  folium. 
Securigtira. 
Lotus. 
Psoraica 
Amorpha 

chartrc). 
(>itt«a. 
Iiidigofei'a. 

Robinia. 

Sphicrophjrsa. 

Colaiea. 

Astrngalus. 

UlyLyrrhia. 

Coroollla. 

HcJysarum. 


(r>u-| 


Tribe  II. 

II 

Tr.'ill. 
n 
It 
«t 

Tr.  IV, 

t* 
Tr.V. 


Tr.VI 
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titt  of  Qenera  (coniinued). 


ClawL  DICOrrLEDOUS  (coniiAiwcI> 
Sob-cluft  L  AacioBi'tuis, 


Oenu*. 
Ouobi7  cilia. 

SinitblA. 
Arnchis. 
DcsmoJium. 
Urauia. 
Viciik. 

CeDinidemii, 
Amphicarj'ieA. 
Glycine. 
Erjrtlirioa. 
Apiox. 
Phnsenlas. 
Sophorn. 
Cam  I  pi  0  in. 
Ha'tnatoxjlon. 
Gledit«cii»    (DnA 
cbartr«).  / 

PniDCUioa. 
Caula. 
Uauhiain. 
TftinariDiluf. 
Adeaanthera. 
Pro«opii. 
Neptunia. 
Mimosa. 
Schrankla. 
Acacia. 
Albizzia. 
ldelAtcuca(Boach^ 


Fiiiaili/. 

(I-eguniiuu:-*   (7.'i) 
„       Tr.  VI. 


Tr.  VII. 
Tr.Vlll. 


Tr.  X. 

Tr.  XI 11. 


Tr.  XIV. 
Tr.  XV. 
Tr.  \V1. 
Tr.  XX. 


„    Tr.  XXn. 
„    Tr.XXllL 
Mjrrtacea  (94). 


SuL-cIuB  I.  AsaiOEPFiMs  (COnf/lilKd) 


Genws. 
iEnnihera      (Ua- 

tuciu). 
PiisdiHorR. 

Siegcsbttckia. 

Ipomcea. 

NivutianiL 
UinibiUs. 

Pulvguuiim 
Uliii). 

Amaraathua. 

Cheni'i'odiuBQ. 
I'inialiu  (Bunchii). 
bupborbin. 

l=hfllanthu«(PfcH 
fer).  ; 


(Ba-1 


Fmvu'y, 
ODagrnriea  (100). 

Comp-isit*  (12'2). 
fConrolrolnceie 
I     (151). 

iJol&QVK  (1<^7)- 

Nyctagineic  (177)l 
Poljrgonejc(l79). 

jAmaranthaoctt 

ClieDopwliciD  (181^ 
Tbj-motea)  (188). 
l:;uphorbiitce»('Ju2* 


Sub-clnss  11.  GvHi4(»pEaiis. 
Abies  (Chatiu). 

Ci-vw  II.  MOXOCOTITLEDOXS. 

Thalia.  i  Cannaceo:  ('21), 
Marantn.  „ 

Colaeasia.  Arotdtai  (30). 

Strephiuui.  Gratnin«v  (&5)t 

Class  III.  ACOTYLtUONS. 
ilnrsilea.  Usmiicaucfe  (4). 


Githago  ugetum  (Caryophyllero). — Tho  first  loaves  prodnoed 
by  young  seodlings,  rise  up  and  clase  toRcthor  at  night.  On  a 
rather  oldor  RecdUog,  two  yonng  loaves  stood  at  noon  at  55** 
above  t.ho  horizon,  and  at  night  at  86*,  so  ejioh  ha*J  risen  31'*, 
The  angle,  liowover,  was  less  in  some  cases.  Similar  observations 
were  occasionally  raado  on  young  leaves  (for  the  older  ones  moved 
very  little)  prodnccd  by  nearly  full-grnum  jjlanta.  Batfllin 
Bays  ('Flora,'  Oct.  1st,  1879,  p.  437)  tliat  the  young  leaver  of 
Stollnria  close  up  bo  completely  at  night  that  Ihoy  form  together 
great  buda. 

.SWu  (Malvaceae). — The  nyctilropic  movements  of  the  leaveg 
in  this  genus  are  remarkable  iu  some  respects.    Batalln  inrgmu 
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ma,  p.  437)  that  those  ol 
S.tiajioa  foil  at  night,  but 
to  what  augle  he  cannot 
romeraber.  The  leaves  of 
S.  rhombtfolia  aud  rctusa,  on 
the  other  hand,  rise  up 
vertically^  and  are  pressed . 
against  the  stcin.  Wo  have  • 
therefore  here  within  the 
same  genua,  directly  op- 
posite movements.  Again, 
the  leaves  of  .S.  rhomhi/otia 
are  furniabed  with  a  pul- 
viniifi,  formed  of  a  mA.ss  of 
sniali  cells  destitute  of  chlo- 
ruphyll,  and  with  their 
longer  axes  perpendicular 
to  the  a:ii8  of  the  i^tiole. 
Ab  measured  along  this 
latter  lino,  these  cells  aro 
only  jth  of  the  length  of 
those  of  the  petiole;  but 
instead  of  being  altruplly 
separated  from  them  (as  is 
u«ual  with  the  pulvinus  in 
most  plants),  they  graduate 
into  the  larger  cells  of  the 
petiole.  On  the  other  hand, 
.S.  napasa,  according  to  Ba- 
talin,  does  not  poaaoFB  a 
pulvinus;  and  he  informs 
us  that  a  gradation  may  he 
traced  in  the  several  specieA  i 
of  the  goiiuB  between  thoM 
two  states  of  the  petiole. 
Hda  rh'Tnhi/oiia  presents 
another  peculiarity,  of  which 
we  have  seen  no  other  in- 
stance with  leavefl  Uiat] 
sleep:  for  those  on  very 
young  plants,  though  they 
rise  somewhat  in  the  evening,  do  not  go  to  fileep,  as  wo  obeer^'ed 
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6b<frl  rhom*ii:<Aii :  circuinuu''^tinn  and 
nyf-tilropic  (or  bleeji)  uioTeinvuti.  of 
a  lent'  on  R  young  plant,  Q^  Inchcft 
high;  filnnn'iit  6sed  to  niidril*  of 
oeaily  full-grown  l«!if,  2j  iachex  in 
leiiglh  ;  movcrrnaat  I  rnced  under  n  nicy- 
light.  Api!X  of  Ie"f  -^J  inches  fiMm 
thcf  Tartieil  i^luss,  so  diagram  not 
greatly  colitr^. 


Cmak  til 


SLEET  OF  LEAVES 


323 


L 


on  aoretiU  occssioDs;  whilst  those  on  nther  Mer  pbnts  itaip 
in  «  contipicuoufi  nuinner.  Far  iinrtmnce,  m  leaf  (-S5  of  an  inck 
in  length)  on  a  very  young  seedling  2  inches  high,  stood  «t  noon 
9^  above  tlie  horizon,  and  at  10  pjl  at  38^,  so  it  bad  risen  onlj 
19^;  another  leaf  (1*4  inch  in  length)  on  a  seedling  of  the 
earae  height,  stood  at  the  same  two  periods  at  7°  and  32',  and 
therefore  had  risen  35°.  These  IcsTes,  which  mored  so  little, 
had  a  fairly  well-dereloped  pulvinoa.  After  an  intenral  of  some 
veeks,  when  the  same  wefdlinf?<  were  2|  and  3  inches  in  height, 
8(»ne  of  the  young  lenTcs  stood  np  at  night  quite  Terticatly,  and 
others  were  highly  inclined;  and  so  it  was  with  bnshos  which 
were  fally  grown  and  were  flowering. 

The  moveiueut  of  a  leaf  was  tiaoed  from  9.15  a.x.  on 
May  28th  to  8.30  am.  on  the  30th.  The  temperatnre  was  loo 
low  (15* — IG**  C),  and  the  illumination  hartlly  stifTicient;  con- 
sequently the  leaves  did  not  become  quite  so  highly  inclined  at 
night,  as  they  had  done  previously  and  aa  they  did  subso- 
qnently  in  the  hot-hou^e;  but  the  morimcnts  did  not  appear 
otherwi.so  disturbed.  On  tlie  finst  day  the  ]e»f  sank  till 
5.15  P.M.;  it  then  rose  rapidly  and  greatly  till  10.5  P.M.,  and 
only  a  little  higher  during  the  rest  of  tbs  night  (Fig.  126). 
Early  on  the  next  day  (*i9ih)  it  fell  in  a  sh'ghtly  zigrjig  line 
rapidly  until  9  am.,  by  which  time  it  had  reached  nearly  the 
same  place  as  on  the  previous  morning.  During  the  remainder 
of  the  day  it  fell  slowly,  and  zigzagged  laterally.  The  evening 
rise  b^an  after  i  pm.  in  the  same  manner  oa  before,  and  an 
the  second  morning  it  again  fell  rapidly.  The  ascending  and 
descending  lines  do  not  coincide,  a.s  may  lie  seen  in  the  diagmm. 
On  tho  30th  a  new  Inicing  was  made  (not  here  given)  on  a 
rather  enlarged  scale,  as  the  apex  of  the  leaf  now  t^tuod  9  inches 
from  the  verticol  glass.  In  order  to  observe  more  carefully  the 
course  pursued  at  the  time  when  the  diurnal  fall  changes  into 
the  nocturnal  rise,  dots  were  made  every  half-hour  between 
4  9M.  and  10.30  p.m.  This  rendered  the  lateral  zigzagging 
movement  during  the  evening  more  conspicuous  than  in  the 
diagram  given,  but  it  wos  of  tho  same  natnre  as  there  shown. 
The  impressiun  forced  on  our  minds  was  that  the  leaf  was 
expending  siipcrfluonB  movement,  so  that  the  great  nocturnal 
rise  might  not  occur  at  too  early  an  hour. 

Ahtttifon  Ihtrwinii  (Malvaoeffl). — The  leaves  on  some  very 
young  plants  stood  almost  horizonialiy  during  the  diiy,  and 
hung  down  vertically  at  nigbt.     Very  fine  pla!its  kept  in  a 
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large  hall,  lighted  only  from  the  roof,  did  not  sleep  at  nighty 
for  in  order  to  do  bo  the  leaves  must.  l>e  well  illuminated  during  \ 
the  day.  The  cotykdon«  do  not  Bleep.  LinnECus  says  that  the  i 
IcKives  of  his  Sid'  ubutilon  sink  poqiondicularly  down  at  night,  < 
though  the  iwtiolea  rise.  Prof,  I'feffer  iuforms  vis  that  the  \ 
leaves  of  a  Malva,  allied  to  -1/.  x^ln  stn's,  rise  greatly  at  night; ' 
and  this  genus,  as  well  as  that  of  Hibiscus,  are  included  hj 
Liunseus  in  his  list  of  sleeping  plants. 

Anoda  Wrightii  (Malvaceae). — Tho  leaves,  produced  by  very 
young  plants,  when  grown  to  a  moderato  size,  sink  at  iiight 
either  almost  vertically  down  or  to  an  angle  of  about  45°  lieneath 
the  horizon;  for  there  is  n  couaidorable  degree  of  variability  in 
the  amount  of  sinking  at  night,  which  depends  in  part  on  the 
degree  to  which  they  have  boon  illuminated  during  the  day. 
But  tho  leaves,  whilst  quite  young,  do  not  sink  down  at  night, 
and  this  is  a  very  unusual  circumstance.  The  summit  of  tha 
petiole,  whore  it  joins  the  hiatle,  is  developed  into  a  pulvinus, 
and  this  is  present  in  very  young  leaves  which  do  not  sleep; 
though  it  is  not  so  well  defined  as  in  older  leaves. 

Ovsst/piu-m  (var.  Nankin  cotton,  Mah-ace-pe).— Some  young 
leaves,  between  1  and  2  inches  in  length,  borne  by  two  seedlings 
6  and  74  inches  in  height,  stood  horizontally,  or  were  raised  a 
little  atove  the  horizon  at  noon  on  July  8th  and  9th ;  but  by 
10  P.M.  they  liad  sunk  down  to  between  68°  and  90°  beneath 
the  horizon.  When  the  same  plants  had  grown  to  double 
the  above  height,  their  leaves  stood  at  night  almost  or  quite 
verSically  dependent.  The  loaves  on  some  large  plants  of 
0.  murHifHK7/i  and  liTtizHeyise,  which  were  kept  in  a  very  badly 
lighted  hot-house,  only  occasionally  sank  much  downwards 
at  night,  and  honlly  enough  to  be  calletl  sleep. 

Ojtafie  (Oxahdro).  —  In  most  of  the  species  in  this  large  genus 
the  three  leaflets  sink  vertically  down  at  night;  but  as  thoir 
Bub-jMitioleJi  are  short  the  blades  could  not  aesume  this  position 
from  the  want  of  space,  uuless  they  were  in  some  manner  ren- 
dered narrower;  and  this  is  effected  by  their  becoming  more 
or  less  folded  (Fig.  127).  The  angle  formed  by  the  two  htilves 
of  the  same  leaflet  was  found  to  vary  in  different  individuals  of 
several  species  between  92°  and  150°;  in  three  of  the  beel 
folded  leaflets  of  O.  fragram  it  was  76°,  7i°,  and  6^**.  The 
angle  is  often  different  in  the  three  leaflets  of  the  same  leaf. 
As  the  leaflets  sink  down  at  night  and  Iwcomo  folde<],  their 
lower  surfaces  are  brought  near  together  ^sce  B;,  or  even  into 
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domooBteet;  utdbom^i^  thmawJumm  ct  nij^tettii^ft 
th&t  tba  ofcjeet  of  the  foUmg  wm  Oe  rmtctiiM  of  tlnr  Iraw 
sariaceaL  U  fliM  bad  ben  tbe  omb^  it  vcmld  have  fofsnd 
>  rtroneJy  niaiiriil  cm  <  jiiiiM  to  the  mte,  that  when  tiicre  is  u^ 
diifemMB  io  the  decree  of  jKntKttkm  faam  adaUiuB  of  the  two 
Boifiieee  of  the  kevet,  U  is  alvajs  the  mppm  sntlhca  vhieh  is 
tb«  beet  protected  Bat  Ihnt  the  foUiag  of  the  UiliH.  mA 
oooeeqaeat  matual  Mppmnam&m  ot  their  kmcr  ™ffV— . 
serves  merely  to  aliov  then  to  sink  down  verticallj.  maj  lie 

Fif.  127. 


A.  & 

Oxo/ft  ao0(oaelia:  A,  Iear6««a  from  rtrlieallj  aboTc ;  B,  diagran  of  Inf 
■Jil*t«p,  ftl>o  M«D  Crom  rerticslljr  abore. 

inferred  ^m  the  fact  that  vben  the  leaflets  do  not  radiate 
from  the  ftnmmit  of  a  common  petio'e,  or,  again,  when  there  is 
plenty  of  room,  from  the  snb-petioles  not  tieiuR  Tcry  short,  the 
leaflets  sink  down  withont  l>ocoming  folded.  This  oocnrs  with 
the  leaflets  of  0.  sensitiea,  Flumieriij  and  bupJenri/viia. 

There  is  no  use  in  giving  a  long  list  of  the  many  spectca 
whictk  sleep  in  the  aboTo  described  manner.  This  holds  good 
with  species  having  rather  fleshy  lesTcs,  like  those  of  O.camnmi^ 
or  loi^  leaves  like  those  of  0.  Ort^^geKii,  or  four  leaflets  like 
thoee  of  0.  variahilin.  There  are,  however,  some  species  which 
show  no  signs  of  sleep,  viz.,  0.  peut^ipftyUa,  mnniphtfUa,  hiHa, 
and  rubelln.  We  will  now  describe  the  nature  of  tlie  movements 
In  some  of  the  8i>eciefl. 

Oxfilis  «cf/os'i^/-.— The  movement  of  a  leaflet,  together  with 
that  of  the  mitin  petiole,  are  shown  in  the  following  dia- 
gram (Fig.  128),  triced  Ixstwoen  11  a.m.  on  Octolwr  4th  and 
7.45  A.1I.  on  the  5th.  After  5.30  p.m.  on  the  4th  the  leaflet  sank 
rapidly,  and  at  7  p.m.  depended  vertically.  Fn  fionio  time 
before  it  assumed  this  latter  position,  its  movomf  rtr  could,  of 
course,  no  longer  be  traced  on  the  vertical  glaw,  and  the 
broken  line  in  the  diagram  ouglit  to  be  extended  much  furlhci 
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down  in  this  and  all  othor 
cases.  By  6.45  A.M.  on  the 
following  morning  it  had 
risen  coiisiderably,  and  con- 
tinued to  rise  for  the  next 
hour;  but,  judging  from 
other  observations,  it  would 
Boon  have  begun  to  fall  ugain. 
Between  11  a.m.  und  5.30  p.m. 
the  leuflot  moved  at  least  four 
timts  up  and  four  times 
down  before  iho  great  noc- 
turnal full  commenced ;  it 
reached  its  highest  point  at 
noon.  Similar  otiscrvationB 
wore  niaiJe  on  two  other 
leaflets^  with  ne<ir)y  the  tjanw 
resuUa.  Sachs  and  Pfcffer 
have  aleo  descrilxid  briefly  * 
the  autonomous  movementa 
of  the  leaves  of  this  plant. 

On  nuothor  occasion  the 
petiole  of  a  lenf  was  secured 
to  a  little  stick  close  beneath 
the  leafltits,  aud  a  filament 
tipped  with  a  head  of  scaling- 
wax  was  affixed  to  the  mid- 
rib of  one  of  thorn,  and  n 
mark  was ploocd close beliind. 
At  7  I'M.,  when  the  Icaflebi 
wore  ftKleep,  the  filament  de- 
pended vertically  down,  and 
the  movements  of  the  bead 
were  then  traced  till  10.40 
P.M.,  as  shown  in  the  fol- 
„       ,  ...  J  lowing  diagram  (Fig.  129X 

DYctitropic  movamoQt*  of  a  ne-irly  ^^  here  Bce  that  the  leaflet 
full-growu  l«ftf,  with  fsUini.?nt  at-  moTcd  a  little  from  side  to 
Ucbed  to  the  miirib  of  one  of  the  gjtJe^  as  wcll  as  a  little  up 
lenfleU  il  traced  ou  vertioil  glws  dur-  ^^^  ^  ^j^j^^  ^, 

lag  20  h.  45  ra.  »  r- 


I 


ta'^a.m.5^ 


•  SloIib  in  'Fliim.'  18^^,  p.  470,  4c,;  Pfuffur,  'Die  Period.  Bewe- 
Kungeii,'  &c.,  1675,  p.  53. 
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Oralis   Valdiviana.—lhG  Icavofl  resomble  thoet*  of  the  last 
species,  and  the  moveiueutB  nf  ivro  IwifletK  (tlio  main  petioloe  of 
both   haviug  been   Becurcvl)  woi-o 
tnicad  dtiriag  two  dayR;    but  the  >''ig.  129. 

(i-acintrs  «ro  not  Ki^en,  &n  thoy 
FL-fsemblod  thalof  0,  acfiostlht^vfhh 
the  exception  that  the  up  and 
down  oscillations  -wero  not  so  fre-  "^ 

queut  during   the  day,  and   tlicn!    Oxila  acct'^cHa:  cirtumnutx- 
was  more  lateral  movement,  bo  tlint      *'^"  **/  ^''''"'^^  "•»'"  ,»*'''^P  1 
broader    ellipses    were    described.       durio'' 3h.  40  m. 
The  leaves  awoke  early  in  the  raoru- 

ing,  for  by  6.45  a.k.  on  Juno  12th  atid  IStli  they  had  not  only 
risen  to  their  full  height,  but  had  already  begun  to  fall,  thnt  i», 
they  were  circumnntatiug.  We  have  seun  in  the  last  chapter 
tliat  the  cotyledons,  instead  of  sinkiiig,  rise  up  vertically  at 
nitiht 

Ojmlis  OrtegtMii. — ^The  large  leaves  of  this  plant  sleep  likti 
those  of  the  previous  Bpecics.  The  main  pctioIc»  are  long,  find 
tliat  of  a  yoarg  leaf  rose  20°  between  noon  and  10  r.H.,  whilr^t 
the  petiole  of  an  older  leaf  rose  only  13°.  Owing  to  thia  rising 
of  the  petioles,  and  the  vertical  sinking  of  the  large  leaflets, 
the  leaves  become  crowded  together  at  night,  and  the  whole 
plant  then  exposes  a  much  smaller  surface  to  radiation  than 
during  the  day. 

Oralis  Ftumierii. — In  this  species  the  three  leaflets  do  not 
tfurroimd  the  summit  of  the  petiole,  hut  the  terminal  leaflft 
projects  in  the  line  of  the  petiole,  with  a  lateral  leaflet  on  eofih 
Bide.  They  all  sleep  by  bending  vertically  downwards,  hut 
do  not  tiecome  at  all  folded.  The  petiole  ia  rather  long,  anil, 
one  hanngbcen  secured  to  a  slick,  the  movenientof  the terniin:il 
leaflet  was  traced  during  45  h.  on  a  vertical  glass.  It  moveil 
in  a  very  simple  manner,  pinking  rapidly  after  5  p.m.,  unci 
rising  rajiidly  earlynext  morning.  During  the  middle  of  the  day 
it  moved  slowly  and  a  little  laterally.  Cansequently  the  ascend- 
ing and  descending  lines  did  not  coincide,  and  a  single  great 
©IlipKc  was  formed  each  day.  There  was  no  other  evidence  nf 
rirnum nutation,  and  this  fact  is  of  ijiterojit,  as  we  shall  here- 
after Hee. 

Oxalis  tmrnsitim. — The  leaflets,  as  in  the  last  si>ocioB,  l>end 
vertically  down  at  night,  without  Incoming  foldod.    Tho  much 
elongated  main  petiole  fIbcs  considerably  io  the  evening,  bnt  iB 
22 
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Rome  very  joimg  plants  the  rise  did  not  cominence  until  lat« 
At  night.  We  liiive  seen  that  the  cotyledons,  instead  of  sink- 
ing liko  tJio  leaflets,  rise  up  rertically  at  night. 

OxaUs  bupfeuri/vlin, — ^This  speciafl 
'*g'  *3*^'  isreoderedremnrkabiebythepetiolei 

^  lieing  foliaccoi;s,  like  the  phyllcdee 

'•[  of  many  Acacias.     The  leaflets  are 

Mxall,  of  a  pfllcr  green  and  more 
tcuder  consistence  than  the  folia- 
ceous  petiolea.  The  leaflet  which  was 
observed  was  '65  inch  in  length,  and 
was  borne  by  a  jietiole  2  inches  long 
and  '3  inches  broad.  It  may  be 
Buspecled  that  the  leaflet*  are  on  the 
road  to  abortion  or  obliteration,  as 
hoB  actually  occurred  with  those  of 
another  Brazilian  species,  O.  rusei- 
/vnnis.  Nevertheleea,  in  the  present 
species  the  nyctitropic  movements 
are  perfectly  performed.  The  folia- 
eeous  petiole  was  firet  observed 
during  m  h.,  and  found  to  be  in 
contimted  circumnutation,  as  shown 
in  the  accompanying  figure  (Fig. 
130).  It  rose  during  the  day  and 
early  part  of  the  night,  and  fell 
during  the  remainder  of  the  night 
and  early  morning;  but  the  move- 
ment was  not  Bufticient  to  be  called 
sleep.  The  ascending  and  deacend- 
ing  lines  did  not  coincide,  so  that  an 
ellipse  was  formed  each  day.  There 
was  but  littb  zigzagging;  if  the 
fliament  had  Iteen  fixed  longitudi- 
nally,  we  should  probably  have  seen 
tliat  there  was  more  lateral  move- 
ment than  appears  in  the  diogranL 
A  terminal  leaflet  on  another  leaf  was  ncit  obfierred  (the 
;MtioIe  being  eccurod),  and  its  movements  are  shown  in 
Pig,  131.  During  the  day  the  leaflets  are  extended  horizon- 
tJilly,  and  at  night  depend  vertically ;  and  as  the  petiole  risei 
during  the  day  the  leafletH  liave  to  bend  down  in  the  evening 


Ositlii  bttplew'i/olii :  cir'cmn- 
nutatifin  of  fGliac^mis  pe- 
tiole, fllAincnt  fiie^l  aU- 
U(|uely  acrois  eoi)  of  petiole ; 
movcmcQts  trncotl  on  ver- 
tical glass  frnm  9  a.m.  Jun^ 
26th  to  8..H1  A.M.  2Bth. 
A[>fX  of  Icftfiet  4  J  irrhe* 
from  the  glass,  so  morcment 
Dot.  inut;)i  ntBgnilJi'd.  FIjut 
9  iDk:h<j»  high,  illumiiinleJ 
fnim  wbove.  Temp.  2:i^°- 
.i4j<»  C. 
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JvervhiHi  hi'lanhi  (OxalidiB).— It  has  longbeei;  known/  firstly, 
tliat  the  If^aflsU  in  this  genua  sleop;  teoondly,  that  they  movod 
S[X>ntaneously  during  the  day;  and  thirdly,  that  tboy  are  geuHi-l 
tivc  to  a  tonch;  but  in  none  cf  thcjne  rcspeet»  du  thoy  diffeil 
ejwentially  from  the  species  of  Oxalis.    They  differ,  howeror,  ofl 
JVlr.  K.  I.  Lyaob  t  has  lately  shown,  in  their  Rpimtanooufi  movn- 
luents  being  strongly  marked.     In  the  case  of  ^1,  hilimbi,  it  is  a 
wondorful  8|">ectacle  to  behold  on  a  warm  sunny  day  the  Icrtfii-tH 
on^  after  tlie  other  sinking  rapidly  downwards,  and  apiiin 
ascending  slowly.    Their  movements  rival  ihoso  of  Desmoiituut 
g^vam.    At  night  the  leaflets  hang  vertically  down;  and  now 
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Atierrhoi  bilinAi  t  lcnfa«lt*ep;  drawing  reJiiiirtd. 

tlioy  are  motionlesR,  luit  this  may  lie  due  to  the  opp.-»8ite  onw 
tjoing  prLssed  Tn-^'etkor  (Fig.  132).  The  main  petitjle  is  in  con- 
stant movement  during  the  day,  but  no  careful  observations  were 
made  on  it.  Tlie  following  diagrams  are  graphio  representa- 
tions of  the  variations  in  the  angle,  which  a  given  leaflet  mokefl 
with  the  Tertical.  The  ot>Bervutiona  were  made  as  follows 
The  plant  growing  in  a  pot  was  kept  in  a  high  tenijieraturo, 
tlie  petiole  of  the  leaf  to  Im  obstjrred  pointing  siraight  at 
the  olfsei-ver,  l>eing  sepamterl  from  hira  by  a  vertical  pnao  of 
glass.  The  petiole  waa  secured  wj  that  the  Itfuyd  joint,  or  piil- 
vinns,  of  one  of  the  lateral  leaflets  was  at  the  centre  of  a  gradu- 
ated arc  placed  close  behind  the  leaflet.  A  fine  glass  filament 
waa  fixed  to  the  leaf,  so  as  to  project  like  a  continiiation  of  t)ie 


•  Dr.  Bnioo,  *Phnoaoj'liiral  Trans..'  1785.  p.  IWC 
*J(iunttil  Linn.  Suc..^'  vol.  xvi.  IR77,  p.  231. 
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to  avoid  errors  of  p«rnllax,  all  readings  were  tnodo  fey  looking 
through  a  Bnmll  riiii;  p&inted  ou  the  vertical  glass,  in  a  Una 
with  the  joint  of  the  leaflet  and  tho  centre  of  the  graduated  arc.. 
In  tlie  following  diagrams  the  ordinates  represent  the  auglci 
which  the  leiiflet  made  with  the  vertical  at  suocessive  instants.* 
It  follows  that  a  fall  in  the  curve  represents  an  actual  dropping 
of  tho  leaf,  and  that  the  zero  line  represents  a  vertically  de- 
pendent position.  Fig.  133  represents  the  nature  of  the  move- 
ments which  occur  in  the  evening,  as  soon  as  tho  leaflets  begin 
to  a.<48ume  their  nocturnal  position.  At  4.55  r  m.  tho  leaflet 
formed  an  Einglo  of  86"  with  the  vertical,  or  was  only  5"  Iwlow 
the  hori/.ontAl;  but  in  ordtjr  that  the  diagram  might  got  into 
our  page,  tlie  leaflet  is  represented  failing  from  75°  instead 
of  85".  Shortly  after  6  p.m.  it  hung  vertically  down,  and  had 
attained  its  notiturnal  position.  Between  6.10  and  6.35  p.v.  it 
performed  a  number  of  minute  oflciUations  of  about  2**  each, 
tKx;upying  pcriofls  of  4  or  5  m.  The  complete  state  of  rest  of 
the  leaflet  which  ultim;itely  followed  is  not  shown  in  tho  dia- 
gram. It  is  manifest  that  each  oscillation  consists  of  a  gradual 
rise,  followed  by  a  sudden  I'tilK  Kach  tiuio  the  leaflet  fell,  it 
uiiproached  nearer  to  tho  nncturiial  poHiUon  than  it  did  on  the 
previous  fall.  The  amplitude  of  the  oscillatioua  diminished, 
while  the  periwls  uf  oscillation  lieeame  shorter. 

In  bright  Hua»hine  the  leaflets?  tissutnu  a  highly  inclined  de- 
(►ondent  poaitiou,  A  leaflet  in  diffut-od  light  was  oliAorveil  rising 
for '35  m.  A  blind  was  thon  pnlleil  up  m  that  tho  plant  was 
brightly  illuminated  (BK  in  Fig.  13-1),  and  within  a  minute  it 
liegun  to  fidi,  and  ultimately  fell  47°,  as  shown  in  tho  diiigraiiu 
This  descent  was  jjorformud  by  six  descending  stops,  precisely 
f-iiiiilar  to  those  by  which  the  nocturnal  fall  is  eflfectecL  Tha 
plant  was  then  again  sluitled  (SH),  aud  a  long  slow  rise  occurred 
until  another  serieb  of  falls  commouced  at  BR',  when  the  sua 
wjN  again  udtiiitiud.  Ju  this  experiment  cool  air  was  allowal 
1 1  untcr  by  the  windows  being  opened  at  the  same  time  that ! 
the  blinds  were  pulled  up,  so  that  in  spite  of  the  sun  hhiningj 
ou  t)ie  plant  tho  temperature  was  not  Taieed. 

Tiie  effect  of  ar.  increase  of  temperature  in  difFiiBcd  light  la  * 


•  In  hII  tho  tlingriiiniM  I  mm.  In 

thchurizoiitaldireL-tinn  repre»ent8 
Dtiu  miuute  of  iiiiao.  EhcIi  mm. 
In  the  vertiTil  dirHjtioii  repre- 
■tcnta  Doo  dotsroii  at  mtiguinr  movu- 
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32°  C,  14  oecillatiuns  of  a  few  degrees  oocarrcd  ijt  I'J  in.  On 
the  other  bunJ,  an  o^ciUution  may  be  iniieh  sluwer ;  tliiw  u  loafle* 
was  obeerved  (temper«ture  %>°  U.)  to 
rise  daring  40  m.  befui-«  it  fell  imj 
cumploted  its  oocillutiou. 

Portieria  hygrometrica  (Zygophyllcao) 
— The  leaves  of  this  plant  (Chili.in 
form)  are  from  1  to  1}  iuches  in  IodkIU, 
and  boar  as  many  as  16  or  17  small 
leaflets  on  each  side,  which  do  not 
stand  oi)|>o«it©  otio  another.  They  are 
articulated  to  the  poliolu,  and  tlio 
pc'Liolo  to  the  bmncli  by  a  piilvinus. 
Wo  must  promise  that  npjmrcntJy  two 
roriiDj  arc  confoiindeil  undo]'  the  same 
name  :  tiie  leaves  on  a  bntth  from  Chili, 
which  was  sent  to  us  from  Kcw,  bore 
niuny  leatlotfi,  wliilst  those  on  plants 
in  the  liotjiiiiG  Garden  at  Wiij-zburK 
liore  only  B  or  9  pairs ;  and  tbe  whole 
cliaraoterof  the  bushes  appeared  Roino- 
whab  different.  We  shall  also  eeo  timt 
tlicy  differ  in  a  runmrkftblo  physio- 
lo^ral  peculiarity.  On  the  Chilian 
plant  the  jictioleRof  tlieyimu^t-r  leaver 
ou  upright  branches,  stood  horizuutally 
iluriug  the  day,  aud  at  ui;;lit  sank 
down  vertically  bo  as  to  depend  i>anillel 
and  close  to  the  branch  Iwneuth.  Tim 
petioles  of  i-athor  older  leaves  did  not 
buoome  at  uiglit  vertically  depre»^«.l, 
but  only  highly  inclined.  In  one 
Instance  wo  found  a  branch  wlueh  hiid 
gniun  perpendicularly  downiwaifis, 
luid  the  petioles  on  it  movtid  in  tliesame 
direction  relatively  to  the  bmnoh  as 
just  stated,  and  therefore  moved  up- 
wards. On  horizontal  branches  the 
younger  petioles  likewise  move  at  night 
in  the  aamo  direction  as  before,  tliat  is, 
towards  the  branch,  and  are  consequently  then  extended  hori- 
i^nlally;  but  it  ia  romarbablo  that  the  older  petioles  ou  tbe 
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same  branch,  thoiif^h  moving  a  little  in  the  Barrc  direction,  also 
bend  downwards;  Ihoy  thus  occupy  ii  Bomewbat  diflcrtut  posi- 
tion, relatively  to  the  centre  of  the  earth  and  to  the  branch,  froiu 
thft-t  of  the  jretiolcs  on  the  upri(^ht  branches.  With  respect  to 
the  leaflets,  they  move  at  night  towards  the  apex  of  the  petiole 
uutil  their  midiiha  stand  nearly  parallel  to  it;  and  they  thbli 
lie  neatly  imhrieated  oue  over  the  other.  Thus  half  of  the  upper 
BurfiiCQ  of  each  leaflet  is  in  close  contact  with  half  of  the  lower 
surface  of  the  one  next  in  advance;  and  all  the  leaflets,  except- 
ing the  basal  ones,  have  the  whole  of  their  npper  surfaces  and 
half  of  their  lower  Biirfaces  well  protected.  Those  on  the  oppo- 
fiito  sides  of  the  same  petiole  do  not  come  into  close  conta<^'t 
ut  night,  08  occurs  with  the  leaflets  of  eo  many  Lc^miuoeai, 
bnt  arc  separated  hy  an  open  furrow ;  nor  could  they  exactly 
ooineide,  as  they  stand  alt*)riiately  with  i-eKi>eet  to  one  another. 

The  circumuutatiou  of  the  petiole  of  a  leaf  i|  of  an  inch  in 
lungth,  on  an  upright  branch,  was  obaeivod  during  a6  h., 
and  is  shown  in  the  preceding  diagram  (Fig.  13fJ).  On  the 
Urst  morning,  the  leaf  fell  a  little  and  then  ro^e  until  I  v.n  , 
aud  this  was  prolwbly  duo  to  its  t>eing  now  illuminated  through 
a  skylight  from  above;  it  then  circumnutated  on  a  very  sinaH 
scale  round  the  same  Hpot  until  afwut  4.  p.m.,  when  the  great 
evening  fall  commenced.  During  the  latter  part  of  the  night  or 
very  early  on  the  next  morning  the  ieaf  rose  again.  On  tlie 
second  day  it  fell  during  tbe  inuruiug  till  1  p.m.,  and  this  no 
doubt  in  its  uoriual  habit.  From  1  to  d  I'.u.  it  rose  in  a  zigzag 
lino,  and  soon  afterwarda  the  great  evening  full  commenoet).  It 
IhiiH  completed  a  double  oscillation  during  tiie  '24  h. 

The  specific  name  given  to  this  plant  by  liuiz  and  Pavon,  indi- 
cates that  in  its  native  arid  home  it  is  alTected  in  some  manner 
by  the  dryness  or  dampness  of  the  atmosphere.*  In  the  Botanic 
Garden  at  Wiirzbure,  there  was  a  plant  in  a  pot  out  of  doors 
wliich  was  daily  watered,  and  another  in  the  oi)en  ground  which 
waa  never  watered.  After  some  hot  and  di7  weather  there  was 
A  great  difference  in  the  state  of  the  leaflets  on  those  two  plants; 
those  on  the  unwatered  plant  in  the  open  ground  remaining  half. 


•  '  Systemft  V^^g.  Flfiisa  Poru- 
^iariaj  i:t  ChikiiuiB/  torn,  i.  p.  !>.% 
nyS.  Wo  canni.t  understand  tho 
wccoudI  givun  by  the  autlioru  of 
tho  behuviuu.*  of  Uiis  phmt  in  its 
nativo   huiiio      Tliero    i»    uiuch 
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or  even  quite,  clewed  during  the  day  But  twigs  out  from  thw 
bush,  with  their  ends  standing  in  water,  or  wholly  immersod  in 
it,  or  kept  in  damp  air  nnder  a  bell-glass,  opened  their  leaves 
though  exposed  to  a  blazing  sun ;  wliilst  IboHe  on  the  plant 
in  the  groinul  rejnained  closetl.  The  loaves  on  thia  same  plant, 
after  some  heavy  rain,  remained  open  for  two  days;  they  then 
became  half  closud  during  two  days,  and  after  an  additional 
day  wcro  quile  closed.  'i'luR  plant  was  now  copiously  watexed, 
and  ou  the  fallowing  morning  the  leaflets  were  fully  cx- 
IMinded.  The  other  plant  growing  iu  a  pot,  after  having  been 
expowd  to  heavy  rain,  was  placed  l)efore  a  window  in  the  Labo- 
ratory, with  its  leaflets  open,  and  they  remained  so  during  the 
daytime  for  48  b.;  but  after  an  additional  day  were  half  closed. 
The  plant  was  tlieu  watered,  and  the  leaflets  ou  the  two  following 
days  reumiued  open.  Ou  the  third  day  they  were  again  lialf 
closed,  but  on  being  again  watered  remained  open  during  the 
two  next  days.  From  these  several  facta  we  may  conclude  that 
the  plant  soon  feels  the  want  of  water;  and  that  as  soon  as  this 
otcurs,  it  partially  or  quite  closes  its  leaflets,  which  in  their 
then  imbricated  condition  expose  a  small  surface  to  evaporation. 
It  is  therefore  prolMiblo  that  tliis  sleep-like  movement,  which 
occurs  only  when  tho  ground  is  dry,  is  an  adaptation  against 
the  loss  of  moisture. 

A  bush  about  4  feet  in  height,  a  native  of  Chib",  which  was 
thickly  covered  with  leaves,  behaved  very  differently,  for  during 
the  day  it  never  closed  its  leaflets.  On  July  6th  the  earth  ic 
Ihe  small  pot  in  which  it  grew  appeared  extremely  dry,  and 
it  was  given  a  very  little  water.  After  '2.X  and  2'2  days  (on 
tho  27th  and  2Sth),  during  the  whole  of  wliich  time  tho  plant 
did  not  receive  a  drop  of  water,  tho  Ic-avcs  began  to  droop,  but 
they  showed  no  signs  of  closing  during  tho  day.  It  appeared 
almost  incredible  that  any  plant,  except  a  fleshy  one,  could 
have  kept  alive  in  soil  bo  dry,  which  resembled  the  dust  on 
ft  road.  On  the  2i)th,  wheu  tho  bush  was  shaken,  some  leaves 
fell  off,  and  the  remaining  ones  wore  unable  to  sleep  at  night. 
It  vraa  therefore  moderately  watered,  as  well  as  syringed,  late  in 
theoveuiug.  On  tho  next  morning  (30th)  the  bush  looked  as  fn»h 
Oft  ever,  and  at  night  the  leaves  went  lo  sleep.  It  may  lie  addod 
that  a  small  branch  while  growing  on  the  bush  was  enclosed, 
by  means  of  a  curtain  of  bladder,  during  13  days  in  a  large 
bottle  half  full  of  quickUme,  so  that:  the  air  within  must  have  beea 
inteoficly  dry ;  jet  the  leaves  on  this  branch  did  not  suffer  in  the 
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(cast,  and  did  cot  cloeo  at  all  during  the  hottest  days.  Anothoi 
trial  WAR  -made  with  the  same  bush  on  August  2ud  and  Gth  (tho  soil 
appeariug  at  tViis  latter  dato  cxtrcmdy  dry),  for  it  was  eijK)S(sl 
out  of  doors  during  the  whole  ilay  to  tlie  wind,  hut  tho  icaHcte 
showed  no  sigus  of  closing.  Tiie  Cliilian  form  therefore  diffiTS 
widely  from  tho  ono  at  Wurzburg,  in  not  closing  its  Iwiflcty 
when  suffering  from  tlio  want  of  water;  and  it  can  live  for  a 
eiii'j>risinyly  long  time  without  water. 

Trttpteoium  m>ijiis  (V)  (cultivated  var.)  (Tropfeolexe). — Several 
plants  in  pots  stood  in  tlio  p^^cuhnuae,  and  the  blades  of 
the  leaves  wliich  faced  tlia  fnjut-lighl«  were  during  the  day 
highly  iuclined  and  at  night  vertical ;  wliilst  the  leaves  on 
tho  back  of  the  pots,  thuugh  of  course  illuminated  through 
tlie  roof,  did  not  Ijccomo  vertical  at  uighK  Wo  thought,  at  Hrst, 
that  this  difference  in  their  positions  was  in  some  mauuei 
due  to  heliolropism,  fur  the  leaves  are  highly  hoHotropic.  Tho 
true  explanation,  however,  is  that  unless  they  are  well  illu- 
minated during  at  least  a  part  of  the  day  they  do  not  sleep  at 
night ;  and  a  littlo  difference  in  the  de^t-e  of  illuniination  deter- 
mines whether  or  not  they  shall  become  vertical  at  night.  We 
have  ohfierved  no  other  so  well-nmrkcd  a  oifie  aa  this,  of  the 
influence  of  previous  illumination  ou  nyctJtropic  movements. 
The  leaves  present  also  another  peculiarity  in  their  habit  of 
rising  or  awaking  in  tho  morning,  being  more  strongly  fixed  or 
iuherited  than  that  of  sinking  or  sleeping  at  uiglit.  The  movc- 
nieiits  are  caused  by  the  landing  of  an  upper  part  of  the  petiole, 
between  \  and  1  inch  in  length  ;  but  the  part  close  to  the  blade, 
for  aliout  i  of  au  ineh  iu  [length,  does  not  Ix'Utl  and  always 
remains  at  right  angles  to  the  blade.  The  beuding  portion  dof^s 
not  present  any  external  or  inf-ernal  diffcrcnoo  iu  structure 
from  the  rest  of  the  petiole.  We  will  now  give  the  experiments 
on  which  t}io  above  coiiclufiions  are  fonndcd. 

A  laigo  pot  vifch  several  plants  was  brought  on  the  morning 
of  Sept.  3rd  out  of  tho  greenhouse  and  placed  before  a  nortii-casfc 
window,  in  t)ie  same  position  as  Ixtforo  with  respect  to  the  light, 
as  far  as  that  was  possible.  On  the  front  of  the  plants,  24  leaves 
were  marked  with  tbre:id,  some  of  which  had  their  blades  bod-  i 
zoalal,  bi.t  the  greater  number  were  inclined  at  about  45*, 
Ixjjieath  the  horizon;  at  night  all  these,  witlumt  exception, 
In-'OJtmo  verticat.  Karly  on  the  following  morning  (4th)  tlicy 
reflSBnmed  their  former  positions,  and  at  niglit  again  l>ecame 
vcr^jcul.    Ou  the  Oth  tho  shutters  were  o^icncd  at  i>.l5  a.u  .  and 
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lt}r  8.18  A.M.,  iiHer  the  Iwres  had  been  illamioatcil  for  3  li.  3  m.. 
mnd  had  acquirod  their  dinm&l  poaition,  tlicy  wkto  placed  in  a 
lUrlc  cnptkonrd.  They  wore  looked  at  twico  dnring  the  day  and 
thrice  in  Uie  evening,  tlic  last  time  at  iO  30  p.m  ,and  iKit  nnu  had 
beoome  rerticnl.  At  8  ax.  on  tlie  fullowlng  morning  (6th)  they 
Btill  retained  the  snnio  diurnal  pi«iti<*n,  and  were  now  replaMhi 
before  the  north-auet  uindow.  At  night  all  the  Ic^veo  whion 
had  faced  the  light  had  thoir  petioles  curved  and  thotr  blades 
Tcrtieal;  wlien-aft  none  of  the  leaves  on  the  Iwrk  uf  the  plaiilB. 
nllhough  they  had  liefU  niiK)rrat«ly  illuminated  by  the  diffused 
light  of  the  room,  were  vcrticai.  They  were  now  at  night  plaotil 
ID  the  same  dark  cnplHmrd;  at  9  a.m.  on  the  next  morning  (7th) 
all  ihoee  which  hod  l<ccn  aeU^p  had  rcassumod  their  dtunuil 
position.  Tlie  pot  wofi  then  placed  for  3  h.  in  the  siinalune,  so 
OS  to  stimulate  the  plants;  at  noon  they  were  ploeed  bcroru  the 
Ramc  north-eofit  window,  and  at  night  the  loavofc  flU*)it  in  the 
nsnal  manner  and  awoke  un  the  fuUowiug  monn'ng.  At  noiin  o;i 
this  day  (Wh)  the  plants,  after  having  been  left  Wfmv.  l\w  norlh- 
eost  window  fur  5  h.  4o  m.  ami  thiin  illnminuttxl  (though  not 
hrifihtly,  OS  the  sky  was  elnudy  during  the  whole  time),  were 
n)))lti04)d  ill  the  dark  cupUMird,  and  at  3  p.m.  thp  position  iif  the 
iKives  W!is  very  little,  if  .it  ull,  altL-rcd,  f-o  thiit  tlu-y  om  nnt 
quickly  afftH'ltd  by  darkness;  bnt  by  10.15  I'.M.  all  the  Uaivrs 
which  had  faecd  the  nmlh-cast  sky  during  the  &h.  45 ul  ol 
illnminalion  slood  vertical,  wherfyxs  thoso  on  the  Iwick  of  tite 
plant  rettiined  their  diurnal  p06ition.  On  the  following  nioriiing 
(9th)  the  leaves  awoke  as  on  the  two  former  occasions  in  (he  dark, 
and  tb^y  were  kept  in  the  dark  during  tho  whole  duy ;  at  night 
a  very  f«w  of  thoin  liecame  vertieAl,  and  this  was  the  one  in- 
stance in  which  we  olwerved  uny  inherited  tendency  or  habit  in 
this  plant  lu  sleep  at  tht  ])ro]x;r  tiniu,  Tliut  it  was  n-id  slwji 
was  shown  by  these  same  leaves  re«.sKuniiiig  their  diurnal  jnwi- 
Uon  on  the  following  morning  (10th)  whilst  sUU  ki'pt  in  lliu 
dark. 

The  i>ot  was  then  (9.45  a.m.  10th)  replaced,  after  having  Kh-u 
kept  for  36 h.  in  darkneiss,  liefore  Ihe  north-etist  window;  and  at 
night  the  blades  of  all  the  leaves  (excepting  a  few  ou  the  bock  of 
tho  plants)  became  conspicuously  vertical. 

At6.45A.u.  (11th)  after  tho  plants  Imd  been  illuminated  on  tho 
Kune  Ride  as  before  during  only  25  m.,  the  pot  was  turntMl  round, 
80  that  tho  leaves  which  hw\  faced  the  liglit  now  nuMuI  the 
intehorof  tho  room,  and  not  one  of  those  went  to  sloop  ut  night; 
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whilst  Bomo,  but  not  many,  of  those  "which  had  formerly  stood 
facing  the  back  of  the  room  and  which  hail  never  l>eforo  been 
well  illuminated  or  gone  to  sleep,  now  assuEicd  ft  vertical  posi- 
tfou  at  night.  On  tlio  noxt  day  (l'2lh)  the  plant  was  turned 
round  into  its  ori'ginal  position,  so  that  the  eane  leaves  fared 
the  light  aa  formerly,  and  these  now  went  to  Bleep  in  the  tiaual 
manner.  Wo  will  only  add  tliat  with  some  yomif;:  aeedlinKS 
ficpt  in  the  greenhonae,  the  blades  of  the  firtit  pair  of  true  leaves 
(the  cotylodona  being  hypogean)  stood  during  the  day  almoKt 
horizontally  and  at  night  almost  vertically. 

A  few  observations  were  snlwcqnently  made  on  tlie  circuin- 
DutAtion  of  three  leaves,  whilst  faeing  a  north-aast  window ;  but 
the  tracings  are  not  given,  as  the  leaves  moved  somewhat 
towards  the  light.  It  was,  however,  manifest  that  they  rose 
and  fell  more  than  once  during  the  daytime,  the  ascending  and 
descending  lines  bring  in  parts  extremely  zigzag.  The  nocturnftl 
full  commenced  about  7  pm.,  and  the  leaves  had  risen  consider- 
ably by  6.45  A.M.  on  the  following  morning, 

Le'ffuminosce.— This  Family  includes  many  more  genera  with 
sleeping  species  than  all  the  other  families  put  together.  The 
numlier  of  the  tribes  to  which  each  genus  belongs,  according  to 
Bentham  and  Hooker's  arrangement,  has  been  added. 

Crotolaria  (sp.  ?)  (Tribe  U).— This  plant  is  raonoijhylloiis,  and 
we  ore  informed  by  Mr.  T.  ThiBelton  Dyer  that  the  loaves  rise 
up  vertically  at  night  and  press  against  the  s'em. 

Lupinus  (Tribe  2). — The  palmate  or  digitate  leaves  of  thv 
species  in  this  large  genus  steep  in  tliree  different  manners. 
One  of  the  simplest,  is  that  all  the  leaflets  l-pecome  steeply  in- 
clined downwards  at  night,  having  been  during  the  day  ex- 
tended horizontally.  This  is  ttliown  ia  the  accompanying 
Hgures  (Fig.  137),  of  a  leaf  of  L.  pilostts,  as  soon  during  the 
(lay  from  vertically  aliovo,  and  of  another  leaf  asleep  with  the 
leaflets  inclined  downwards.  As  in  this  position  they  arc 
crowded  together,  and  as  they  do  not  become  folded  like  those 
in  the  genua  Oxalis,  they  cannot  occupy  a  vortically  dependent 
position ;  but  they  are  often  inclined  it  an  angle  of  50°  l>cneath 
(ho  horizon.  In  this  species,  whilst  the  leaflets  are  sinking, 
the  ))otioles  rise  np,  in  two  instances  when  the  angles  were 
measured  to  the  ex  tent  of  23°.  Tl  lo  leaflets  of  L.  nttb-camogug  and 
arboreus,  which  were  horizontal  during  the  day,  sank  down  at 
uight  in  nearly  the  same  manner ;  the  former  to  an  aitgle  of  3U^, 
and  the  Utter  of  3G°,  beneath  the  horizon:  bat  their  poticlor 


8LSCr  or  LEAVES. 


8il 


did  xkA  ntore  in  uij  pbinlj  peraeptSble  ifcfciKL  It  k,  faovever, 
laito  posibk^aft  «c  diaU  praneoU;  see,  that  if  m  fau^e  rnunbef 
of  pUsts  of  the  t&ne  fozeeQuic  aad  of  tbe  CoOoviag  ^lecia 


iffiZilMW;  A,  l<>»rf««D  from  Tcrtiedtr  nlxirc  in  JaTtimc;   B.,  I««f 
ule«p,  »c«o  laUmllj'  «t  night. 

Tere  to  be  obserred  at  all  seasons,  some  of  th«  leaves  TOQld  he 
fijund  to  £]eep  in  a  different  maun«^. 

In  the  two  following  gpecies  the  leaflets,  instead  of  moving 
downwards,  rise  at  night.  "With  L.  Ifartwcgii  some  stood  at 
noon  at  a  mean  angle  of  36^*  above  the  horizon,  and  at  night 
at  51°,  thos  forming  together  a  hollow  cone  with  moderately 
steep  Eldest.  The  petiole  of  one  leaf  rose  14°  and  of  a  second 
11"  at  night  With  L.  lutcxis  a  leaflet  rose  from  47°  at  noon  to 
65"  above  the  horizon  at  night,  and  another  on  a  distinct  lea! 
rose  from  45°  to  69°.  The  petioles,  however,  sink  at  night  to 
a  email  extent,  viz.,  in  throe  iufitances  by  2^,  6°,  and  *J°  30'. 
Owing  to  this  movement  of  the  petioles,  the  outer  and  longer 
leaSets  have  to  bend  npa  little  more  than  the  shorter  and  inner 
ones,  in  order  that  all  should  stimd  symmetrical  I  y  at  \\\^\\i. 
We  shall  presently  see  that  sorao  leaves  on  the  Kome  individual 
plants  of  L.  luiewi  sleep  in  a  very  different  mounor. 

We  now  come  fo  a  romftrkable  position  of  the  leaves 
when  asleep,  which  is  common  to  poveral  species  of  Liipme-s. 
On  the  same  leaf  the  shorter  leaflets,  which  generally  face  the 
centre  of  the  i)laiit,  sink  at  night,  whilst  the  longer  ones 
on  the  opposite  side  rise;  the  intermediate  and  lateral  onoa 
merely  twiflticg  on  their  own  axes.  But  there  la  some  variuUlity 
with  respect  to  which  Icaticts  rise  or  fall.  As  mifiht  have  U-on 
expected  from  auch  divoi'se  and  complieatod  movcmcutu,  Ihs 
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Itane  of  each  leaflet  is  dordopod  (at  least  in  the  case  of  L,  luUutv') 
into  a  puL-vinus.  The  roaiiJt  is  tbiit  all  the  Icaflots  ou  the 
same  leaf  Rtaiid  at  in'ght  more  or  less  highly  indiunl,  or  wen 
quite  vertically,  foriniiifr  in  tluK  latter  case  a  vurticul  Btur.  This 
oooars  with  tHic  Icavtjij  uf  a  Bpccios  purchased  uudur  the  luimo  ui 

Fig.  i:w 


U. 


C, 

?!«;  inta  pwAcjuTM  .■  A,  leaf  tiowwl  Intcmlly  <luH'  (t  th«  diy ;  B,  «ime  iMf 

.it  night;  C,  iin<ithvr  leil' witb  Uic  Icidlut  furmiiig  a  vMlica)  utju  nt 
iiiifht.     Kigiirf-a  rutlucffti. 

/,.  fuh  teens;  riii<I  ill  tlie  ftccompanyinfr  figures  we  sen  nt  A  (Fip. 
13»)  the  leaves  in  their  diurnal  positinri;  and  at  B  the  mmo 
plant  at  night  with  the  two  upper  loavea  having  their  Icaftcta 
almoBt  vertical.  At  C  another  leaf,  viewed  laterally,  is  shown 
with  (he  Iniflets  quite  vertical.  It  if*  chiefly  or  cxclasively  tlw 
youngcKt  leaves  which  form  at  nit;ht  vertiral  utant     Tint  thnre 
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»  much  rariability  in  the  positioa  of  tbe  leftTOs  at  night  on  the 
aonifi  plant ;  some  reraaiuing  with  their  leaflets  almost  horizontal, 
othcrK  forming  moro  or  Ic&s  highly  inehncd  or  vertical  Rtara.ond 
somd  with  ail  their  leaMotR  sloping  downwards,  s.s  in  our  (Int 
cIoRS  of  canes.  It  ia  also  &  r^marhablo  f'aot,  ttiat  although  all  the 
plants  produced  from  Uic  same  lot  of  Btiedn  were  identical  m 
appearance,  yet  some  individuals  at  night  had  the  leaflets  of  all 
their  leaves  arranged  so  as  to  form  more  or  less  highly  inclined 
Btars ;  others  had  them  al  1  sloping  downwards  and  never  forming 
a  star;  and  others,  again,  retained  thorn  cither  in  a  horizontal 
position  or  raised  them  a  Uttlc. 

We  have  as  yet  referred  only  to  the  different  positions  of  tne 
leaflets  of  A,  f«&<rsc<?f/s  at  night ;  but  the  petioles  liliowij-e  differ 
in  their  movements.  That  of  a  young  leaf  which  formed  a 
highly  inclined  star  at  night,  gtood  at  noon  at  42"^  above  the 
horiKOQ,  and  during  Itie  night  at  72°,  so  had  ristn  30^.  The 
petiole  of  aaotlior  ieaf,  tho  leaflets  of  which  occnpicd  h  similar 
pasitioH  at  night,  roj*  only  6°.  On  the  other  liand,  the  petiole 
of  a  leaf  wilh  all  its  leatlets  sloping  down  at  night,  fell  at  this 
time  4".  The  petioles  of  two  rather  older  leaves  were  subse- 
quently observed;  both  of  which  8ti>f>d  during  the  day  at  exactly 
the  same  angle,  viz.,  50°  above  the  horizon, and  one  of  these  ro«e 
7°-S°,  and  the  other  fell  3"^^  at  night. 

We  meet  with  cosea  like  that  of  L.  pub^sceus  with  some  other 
fi])eeies.  On  a  single  plant  of  A.  mHt(ihrl($  some  leaves,  which 
at-ood  horizontally  during  lb«?  day,  fanned  highly  incline<l  stara 
at  night,  and  the  petiole  of  one  ro&e  7"^.  Other  leaves  which 
likewise  stood  horizontally  during  the  day,  had  at  night  all  Iheii 
leaflets  sloping  downwards  al  40°  beneath  the  horizon,  but 
tlieit  petioles  had  liHrdiy  moved.  Again,  LJuUtts  ofTercd  a  still 
more  remarkable  case,  for  on  two  leaves,  the  leaflets  which  stood 
at  noon  at  alwut  -10°  above  the  horizon,  rose  at  night  to  G5°  and 
69%  so  that  they  formed  a  hollow  cone  with  steep  sides.  Four 
IcavQfl  on  tlio  same  plant,  which  had  their  loafletB  horizontal  al 
noon,  formed  vertical  stirs  at  night;  and  three  other  leaves 
equally  horizontal  at  ntwn,  liad  all  their  leaflets  sloping  down- 
wards at  night.  So  that  tlie  leaves  on  this  one  plant  assumed 
at  night  throe  different  positions.  Though  we  cunuot  account 
for  this  fact,  we  con  R<^e  tliat  such  a  Btoclc  might  readily  give 
birth  to  species  having  widely  diiferent  nyctitropic  babita. 

liittle  more  need  be  said  about  the  sleep  of  the  species  of  Lu- 
pinos;  several,  namely,  L.  polyiihyUnit  nanuSj  Meiaieaii^  speciasu», 

28 


Ui 


MODIFIED  CIRcUMNUTATlON. 


Chap. 


and  ulh{/'ronn,  thouRli  observed  out  of  doors  and  in  the  greeu- 
houso,  did  not  chnnRu  the  position  of  their  Ituve*  sufficiently  at 
night  to  lio  snitl  to  steep.  From  obBervatJons  mado  on  two 
Bleeping  Bpecies,  it  Appears  tlmt,  aa  witli  Tiopaolum  majus.  the 
loaves  must  be  wolt  illuminated  dniing  the  day  in  order  to  sleep 
ttt  night.  For  several  plants,  kept  all  day  in  a  Bitting-i-oom 
with  north-east  windows,  did  not  sleep  at  night ;  but  wlien  tbe 
pots  wei-o  pIftO-cU  on  the  following  day  out  of  doors,  and  were 
broTi^!it  in  at  night,  they  Bicpt  in  the  usual  manner.  The  trial 
was  repeated  on  the  following  day  and  night  with  the  same 
reflult. 

Some  olwcrvations  were  made  on  the  circumnutation  of  the 
leaves  of  L.  lut^us  and  arh  reus.  It  will  ru}5co  to  Bay  that  the 
luafiets  of  the  latter  exhibited  a  double  oscillation  in  the  course 
of  24b.;  for  they  fell  fi-om  the  early  morning  untd  10  15aji.« 
then  rose  anJ  zigz^geJ  greatly  tilt  4  p.m  ,  after  wliicli  hour  the 
great  nocturnal  fall  commenwd.  By  8  A.m.  on  the  following 
moruiug  the  leaflets  had  risen  to  their  pro[>cr  height.  We  have 
seen  in  the  fourth  chapter,  that  the  leaves  of  l.upinw  tp^iosvs, 
which  do  not  sleep,  cirenmnutate  to  an  extraordinary  extent, 
making  mnny  olli|)»e8  in  the  conrso  of  the  day. 

Cfftisiu  (Tribe  2),  Ti'Ujontlla  and  Mtdicago  (Tribe  3). — Onlj 


I 

I 


rig.  i3ft. 


A.  R. 

A/tHeoffo  marina     A.  invbt  dnnng  tlir  dnj  ;  It,  lurei  M\e*i*  at  nlglit. 

a  few  ohBerration-s  were  made  on  tluwR  three  genera.  Tlie 
petioles  on  a  young  p'ant,  about  a  foot  in  height,  of  Cy/wui 
frof/ra'ijt  rose  at  night,  on  ooo  occ&aion  23^  and  on  another  33". 
The  three  leafluts  uIbj  bend  upwards,  and  at  the  same  tiiM 
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■ppnaeli  cadi  other,  so  that  the  hue  of  the  central  Icftfial 
oveikjs  the  hues  of  the  two  btenl  leaBeta.  Thej  bend 
«p  ■>  much  that  the;  ptees  against  the  stem;  and  on  lot^dog 
dowB  oa  ooe  of  tfaeas  }oiuis  plaotB  from  Terficnlly  oboTc,  iho 
lower  anrfuw  of  the  leaflets  are  TisiliK:;  and  ihns  their  tipper 
uahem,  in  aeoordaBoe  vHh  the  gcneml  ruk-.  are  best  protected 
from  radiation.  Whilft  the  Uatcs  on  these  young  plaxite  ven 
thas  behaving,  tboee  on  an  old  biish  in  full  flower  did  not  sleep 
at  BtgfaL 

TtiffomtUa  OreticmTesemHcs  a  ^IcUIotos  in  its  sleep,  whidi  viU 
he  immediately  dceeribod.  According  to  M.  Koycr,*  tlio  teare« 
of  MedvM^  maealalm  rise  ap  at  night,  and  "  se  reQTer$eQt  nn 
pea  do  maniere  k  presenter  obh'quemcnt  an  ciel  leur  face  in- 
feriearc."  A  drawing  is  here  given  (Fig.  139)  of  the  leaves 
of  JC  marina  awake  and  asleep;  and  Uiis  would  almost  Gerre 
for  Cytinu  fragrayu  in  the  same  two  Btatee. 

MelHotnt  (Tribe  3).— The  epeciee  in  this  gends  sleep  in  a 
remarkable  manner.  The  three  leaflets  of  each  leaf  twist  through 
an  angle  of  90°,  so  that  their  blades  stand  vertically  at  night 
with  one  lateral  edge  presented  to  the  zenith  (Fig.  140).  We 
shall  best  understand  the  other  and  more  complicated  move- 
ments, if  we  imagine  oareelves  always  to  hold  the  leaf  with  the 
tip  of  the  terminal  leaflet  pointed  to  the  north.  Tlie  Icatlots  in 
becoming  vertical  at  night  coold  of  coarse  twist  so  that  their 
upper  snrfaoes  shonld  face  to  either  side;  but  the  two  lateral 
leriflet^  ahvaye  twist  so  that  this  sarface  tends  to  face  the  north, 
but  as  they  moTe  at  the  same  time  towards  the  termiual  leaflet, 
the  npper  snrface  of  the  one  faces  about  N.N.W.,  and  that  of 
the  other  N.N.E.  The  terminal  leaflet  behaves  differently,  for 
it  twists  (o  either  side,  the  upper  surface  facing  soroctimos  oast 
and  Bon^times  west,  but  ruther  more  commonly  west  than  east. 
The  terminal  leaflet  also  moves  in  another  and  more  remarkable 
manner,  for  whilst  its  blade  is  twisting  and  becoming  vertical, 
the  whole  leaflet  bends  to  one  side,  and  invariably  to  the  side 
towards  which  the  upper  surfuce  is  directed;  ho  that  if  this 
sarface  faces  the  west  the  wholo  leaflet  lends  to  the  west,  until 
it  coini*  into  contact  with  the  upper  and  vertical  surface  o( 
the  western  lateral  leaflet.  Thus  the  upper  surface  of  the 
terminal  and  of  one  of  the  two  lateral  leaflets  is  well  protected. 

The  tact  of  the  teniuiial  leaflet  twisting  indifierently  to  either 
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eide  and  afterwards  Ixnding  to  the  same  side,  seemed  to  uh  so 
retnarkablt;,  tbat  we  eudeavoured  to  discover  the  cause.  Wo 
imagined  that  at  the  commencement  of  the  movement  it  might 
be  delerminod  by  one  of  the  two  halrea  of  the  leaflet  being 
a  little  heavier  than  the  other.  Therefore  bits  of  wood  were 
gammed  on  one  side  of  several  leafluts,  but  this  produced  uo 
effect;   and  they  continued  to  twist  in  the  eame  direction  as 


Kig.  140. 


Sfelilottu  o^dnatis:  A,  leaf  dnrtog  the  dajtime.  B,  another  leaf  ulMp^ 
C,  a  l«af  aslpflp  as  viewed  from  Tertieilly  nbove ;  but  in  thi»  caw  the 
tenntnal  leaflot  lUA  not  h»pp«n  to  be  in  t>Dch  cloae  contact  with  th« 
lut«ral  ODe,  as  is  mnal. 

ih6y  hai  previously  done.  In  order  to  disoorer  whether  the 
same  leaflet  twisted  permanently  in  the  same  direction,  black 
threads  wore  tied  to  20  leaves,  the  terminal  leanets  of  which 
twiHt«d  80  that  their  upper  surfaceR  faced  west,  and  14  whit« 
threads  to  leiiflota  which  twiatcd  to  the  east.  These  were  ol»- 
served  occasionally  during  14  days,  and  they  all  continued,  with 
a  single  exception,  to  twist  and  bend  in  the  Bomc  directioa ;  for 
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one  leaflet,  which  had  originally  faci^d  east,  was  obh-erved  oftef 
9  days  to  face  west  The  neat  of  both  the  twisting  and  beuditig 
movemont  is  in  the  ptilvinns  of  the  Rub-petioleB. 

We  boli^Te  that  the  leaflets,  especial ly  the  tnro  lateral  ones, 
in  performing  the  above  described  complicated  movements 
geuoRilly  bend  a  little  downwards ;  but  we  are  not  sure  of  this, 
for,  afi  far  as  the  main  petiole  is  concerned,  its  nocturnal  move- 
ment is  largely  determined  by  the  ixjsttion  which  the  leaf 
happenfl  to  occupy  during  the  day.  Thus  one  main  petiole  wub 
observt:d  to  rise  at  night  59^,  whilst  three  others  rose  only  7** 
and  y°.  The  petioles  and  sub-petiolea  are  continually  circum- 
nutating  during  the  whole  21  h.,  ns  we  shall  presently  see. 

The  leaves  of  tho  following  15  species,  -V.  ojicinulis.suaveoiens, 
parvijlora,  a/6a,  in/tsta,  dt-ntuPi,  gracilis,  euh-ata-,  elegiim,  cartUeOf 
petitpit-rraina,  TnacrorrJuza,  Italioa,  secundijlfmi,  and  7a«rMa, 
Bleeji  in  nearly  the  same  manner  as  just  described;  but  the 
bending  to  one  side  of  the  terniiual  leaflet  \b  apt  to  fail  nnlcsg 
the  plants  are  growing  vigorously.  With  M.  petitpi'urent.a  and 
$rcundiJiora  the  terminal  leaflet  was  rarely  seen  to  bend  to  one 
side.  In  young  plants  of  .W.  Halica  it  bent  in  the  niF^nal  manner, 
but  with  old  plants  in  full  flower,  growing  in  the  same  pot  and 
observed  at  the  eamo  hour,  viz.,  8.30  p.m.,  none  of  the  terminal 
Icaflots  on  Bevnral  Bcores  of  loaves  had  bent  to  one  side,  though 
th«y  stood  vertically  ;  nor  nad  the  two  lateral  leaflets,  though 
standing  vertioally,  moved  towards  the  terminal  one.  At 
1030  I'.M.,  and  again  one  hoar  after  midiiiglit,  the  terminal 
IciifletjB  hod  become  very  slightly  bent  to  one  side,  and  the 
lateral  leaflets  had  moved  a  very  little  towards  the  terminal  one, 
BO  tbat  the  position  of  the  leaflets  even  at  this  late  hour  was  far 
frutu  the  ordinary  one.  Again,  with  M.  Taurica  the  terminal 
leafltts  were  never  seen  to  bend  towards  either  of  the  two  lateral 
leaflets,  though  these,  whilst  becoming  vertical,  had  bent  towards 
the  terminal  one.  The  sub-potiole  of  the  terminal  leaflet  in 
this  KixicioB  is  of  unusnal  I<Jngth,  and  if  the  leaflet  had  bent  to 
one  side,  its  upper  eurfaoe  could  have  come  info  contact  only 
with  the  apex  of  cither  lateral  leaflet ;  and  this,  perhaps,  is  the 
meaning  of  the  loss  of  the  lateral  movement. 

The  cotyledons  do  not  Bleep  at  night.  The  first  leaf  consists  of 
a  single  orliculnr  haflct,  which  twists  at  night  so  that  tliQ  blade 
stands  vertically.  It  is  a  remarkable  fact  that  with  M.  Taurica, 
and  in  a  somewhat  less  degree  with  M.  vuicrorrhiza  and  ;«<(*• 
ykrrtuna,  all  the  many  boaall  and  young  leaves  produced  during 
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the  earl;  spring  frnm  shoots  on  some  cut-down  plftnts  in  the 
grccuhoiise,  slept  in  a  totally  diffcrcat  manner  from  the  normal 
one ;  for  the  three  Ituiflet^,  instead  of  twisting  on  their  own  axes 
80  as  to  present  their  lateral  eilges  to  the  zenith,  turned  upwards 
and  stood  vertically  with  their  apices  ^lointing  to  the  zunitli. 
They  thus  a&sumed  nearly  the  same  poeition  as  in  the  allied 
gonns  Trifolium;  and  on  the  same  principle  that  embryological 
characlers  repeal  the  lines  of  desctnt  in  the  animal  kingdom,  ro 
the  movements  of  the  Bmall  leaves  in  the  above  three  species  of 
MelilotuG,  perhaps  indicate  that  this  genus  is  deKcended  from 
a  form  which  was  closely  allied  to  and  slept  like  a  Trifolium. 
Moreover,  there  is  one  species,  M.  mrasane-nsis,  the  leaves  ol 
which,  on  full-grown  plants  between  2  nnd  3  feet  in  height, 
fileep  like  the  foregoing  small  loaves  and  Uke  those  of  a  Trifolium. 
We  were  so  much  surprised  at  this  latter  case  that,  imtil  tlio 
flowcrE  nnd  firnit  wore  examined,  wo  thought  that  the  Rceda  of 
flome  Trifolium  had  heen  sown  hy  mistake  instead  of  tho«e  of  a 
SfTelilotuB.  It  appears  therefore  proliablo  thiit  M.  vaessaTienM 
has  either  retained  or  recovered  a  primordial  habit. 

The  circum nutation  of  a  leaf  of  Jf.  ojirinalis  was  traced, 
the  stem  teing  left  free;  and  the  apex  of  the  terminal  leaflet 
described  tlixee  laterally  extended  ellipses,  between  8  a.m.  and 
4  p.m.;  after  the  latter  hour  the  noctnrnal  twif-ting  movement 
commenced.  It  waa  afterwards  ascertained  that  the  above 
movement  was  compounded  of  the  circnmnntation  of  the  stem 
on  a  small  scale,  of  the  main  petiole  which  moved  most,  and  of 
the  snli-potiole  of  the  termiital  leaflet.  The  nmin  ix-tiolo  of  a 
leaf  having  been  eecnred  to  a  stick,  close  to  the  base  of  the  sab- 
petiole  of  the  terminal  leaflet,  the  latter  deacribed  two  small 
ellipses  hetweeu  10.30  a.m.,  and  2  p.m.  At  7.15  p.m.,  after  this 
earae  leaflet  (as  well  as  another)  had  twisted  themselves  into 
their  vertical  nocturnal  position,  they  tiegan  to  rise  slowly,  and 
oontinued  to  do  so  until  10.35  p.m.,  aftoi  which  hour  tbey  were 
no  longer  observed. 

As  M.  mesivtnensis  sleeps  in  an  anomalous  raiinncr,  unlike  that 
of  any  other  species  in  the  genua,  the  circumnutation  of  a 
tcrmiual  leaflet,  with  the  stem  Kecurcd,  was  trac<;d  dunng  two 
dajs.  On  each  morning  the  leaflet  fell,  until  alx>ut  noon,  and 
then  began  to  rise  very  slowly;  but  on  the  fii-st  day  the  risinK 
movement  was  interrupted  between  1  and  3  p.m.  by  the  formation 
of  a  laterally  extended  elHiiKe,  and  on  the  second  day,  at  tlie 
Bftmo  time,  by  two  smaller  ellipBoa.    The  rising  movoment  then 
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rticoratnencod,  and  btcamo  rapid  late  id  tlie  evening,  when 
tlie  luuflel  was  beginning  to  go  to  sleep.  The  nwnkiiig  or 
Eiakiug  movement  bad  already  cotnineui^  by  C.40  a.h  on  botit 
muroiugH. 

IVi/olium  (Tribe  3). — The  nyctitroiiic  iiiovonicnts  of  11 
Bpecios  wrro  observed,  and  were  found  to  be  cluBuIy  similar.  If 
we  select  a  leaf  of  T.  rrpeng  having  an  upright  ])ctIoli%  and  with 
the  ttireo  IcaflbtA  uxpanded  horizontally,  tlio  two  lateral  leatittii 
vill  be  soeii  in  tite  av-eiiing  to  twist  and  u]ipn}acli  caoh  otb^r, 
until  tbeir  upper  surfacea  como  into  contact.  At  the  same  titne 
Iboy  bend  duwawards  in  a  plane  at  right  angles  to  tliat  of  their 
former  position,  antil  their  midribs  form  an  angle  of  aboat  4.*j° 
with  ihe  upper  part  of  the  petiolct.  TIuh  pocnliar  change  of 
position  rofjuires  a  ooaaiderable  amount  of  torsion  in  ilie  pul* 
vious.    The  terminal  IcaQet  merely  risee  up  without  any  tvisl- 

Rg.  141. 


A.  B. 

TVi/otium  rtjKHs:  A,  U-kf  duitng  the  dny  ;  B,  IcRf  luleep  at  olght, 

in^^  and  bends  over  until  it  rests  on  and  forma  a  roof  over  the 
edges  of  tbo  now  vertical  and  united  lateral  Iciiflets.  Xlius  the 
terminal  leaflet  always  posses  tlirough  an  angle  of  al  least  90", 
genornlly  of  130°  or  140°,  and  not  rarely^as  was  often  ohstTved 
with  T,  ti'ibterraneum — of  180°.  In  this  luttor  case  the  terminal 
leaflet  stands  at  night  horizontally  (as  in  Fig.  141),  with  itii 
lower  surface  folly  exposed  to  the  zenith.  Besidea  the  AifTcrenea 
in  the  angles,  at  which  the  terminal  If^iflets  stand  at  night  in 
the  individuals  of  the  saiue  spet'ios,  the  degree  to  which  the 
lateral  leaflets  approach  each  other  often  likewise  diflers. 

Wo  bavo  seen  that  the  cotyledon';  of  some  species  and  not  of 
others  rise  up  vertically  at  night.  The  first  true  leaf  is  generally 
unifoliate  and  orbicular ;  it  always  risea,  and  either  stands  verti- 
cally at  night  or  more  wnmiuuly  iKjnds  a  little  over  eo  as  to  expose 
the  lower  surface  obliquely  to  the  zenith,  in  the  same  manner 
as  doca  tlie  terminal  Icaflut  of  the  mature  leaf,  But  it  does  not 
twist  itself  like  tlie  corret^ponding  first  simple  leaf  of  Molilotua 
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With  '!'.  Punnonicum  the  first  tnie  leaT  woR  geueraliy  unifoHato, 
\mt  Bomctimes  trifoliate,  or  agaiu  partially  lobed  nnd  iu  an 
intennediato  condition. 

Cirrinnnfitutiim. — Saclis  descriljfid  in  1863*  the  spontanoouH 
up  aad  down  movements  of  the  luaflots  of  T.  /nffiriiiidzm,  wlien 
kept  ill  darkiiPRS.  Pfuffer  nindo  many  obBcrvationa  on  th«1 
Himilar  ujovcments  in  T.  praieuscf  He  states  that  the  teraiinaH 
U'-nlht  of  this  species,  obs^i-vtdat  different  times,  passtd  through  I 
angles  of  fn>m  30°  to  12u°  in  the  conrse  of  from  U  to  4  h.  AVe? 
olifitirved  the  movomeuts  of  T.  subttrraneum,  resitpinatum,  and'' 
repens. 

'Irifdlitim  8iiht'rraiie"m. — A  petiolo  was  secured  cluao  to  the 
base  of  the  three  leaflets,  and  the  uioverueiit  of  the  terminal 
leaflet  was  traced  during  26i  h.,  as  shown  in  the  figure  ou  the 
iioxt  page. 

Between  C.45  a.m.  and  6  i\m.  the  npex  moved  3  times  up 
and  3  times  down,  completing  3  ellipwus  in  11  h.  15  m.  The 
a&ecnding  snd  descending  Lines  stand  nearer  to  one  anotht-r 
than  is  usual  with  moat  plants,  yet  there  was  Romo  ]at«rnl 
motion.  At  6  r.M.  the  great  nocturnal  rise  commenoed,  and 
on  the  next  morning  tho  linking  of  the  Iiiaflet  was  oou(iune»i 
xintil  8.JJ0  A.M.,  after  which  hour  it  cironmniitated  in  the  manner 
just  described.  In  the  figure  the  great  nocturnal  rise  and 
tho  moruiug  full  are  greatly  abbreriatcd,  from  the  want  of 
space,  and  are  merely  represented  by  a  j-hort  curved  line.  The 
leaflet  stood  horizontally  when  at  a  p)int  u  little  l«iteath  the 
middle  of  the  diagram;  so  that  during  the  daytime  it  oseillfttc)) 
almost  equally  above  and  bencnth  a  horizontal  position.  At 
B.SO  A.M.  it  stood  48"  beneath  the  horizon,  and  by  11. uO  a.m.  jt 
liad  risen  SO**  above  the  horizon ;  so  tlmt  it  passed  through  Ob** 
in  3  h.  By  the  aid  of  the  tracing  we  astiertained  that  tho 
distance  travelled  in  tlie  3  h.  by  Ihe  apei  of  this  leaflet  woa 
I  03  inch.  If  we  look  at  the  figure,  and  |)rolong  upwards  in 
our  mind's  eye  the  short  curved  l>ir»ken  line,  which  repre- 
Bonts  the  nocturnal  conrse,  we  see  that  the  latter  movement  it 
merely  an  exaggeration  or  pro'ongatioti  of  one  of  the  diurnal 
ollipees.  The  same  leaflet  had  been  observed  on  tho  pruviuue 
day,  and  the  course  then  pnrsucd  was  almost  identically  the 
BOine  as  that  here  described. 


•  'Finn..*  ISi;3,  p.  497. 
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Trifotittm  res  ^pinataffu—A.  plaut  left  untiwly  tix\  tu  plitced 
before  a  north  oust  wm- 
ds)«-,  in  sucb  A  positioQ 
that  &  t«rtaiiml  leuQet 
projecteti  at  right  angles 
to  t)ie  source  of  t)io  liKbt, 
the  sk;  being  uaiforntly 
olouiltid  uU  day.  The 
movoiocnts  of  this  leuUet 
were  traced  daring  two 
days,  and  ou  both  were 
closely  «imiiar.  Those 
ezocatod  on  the  Be<»»id 
day  are  shown  in  Fig, 
143.  The  obliquity  of 
the  several  liius  is  due 
partly  to  the  mtiuier  in 
which  the  leaflet  waF 
viewed,  aad  i)artly  to  iU 
haring  moTiKl  a  little  to- 
wards the  light.  From 
7.5<J  A.u.  to  8 10  A.M.  the 
leaflet  fell,  that  is.  the 
awakening  moveni(:iit  was 
continnod.  It  then  rose 
and  movetl  ii  little  lat^ 
rilly  towards  the  light. 
At  12.30  it  retrogr^ided, 
and  at  2.30  resumed  its 
original  oonrscj  having 
thus  completed  a  einall 
ellipse  during  the  middle 
of  tbd  day.  In  the  evcD- 
ing  it  TOt«  rapidly,  and 
by  8  A.K.  on  the  following 
murniug  had  returnod  to 
exactly  the  same  Bj)jt  aa 
on  the  previous  morning. 
The  line  representing  the 
nocturnal  coiirsie  ought 
to  V)0  extended  much 
higher  up,  and  is  hero 
abhrL-viatod  into  a  short. 
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tVifolium  rfsupinntim :  circtiiniiiitfitiiiD 
and  nyntttriipk-  niovemenis  of  the  ter- 
iniDkl  Uaf\vK  during  24  hoare. 


curved,  broktn  Hue.     The  terminal  leaflet,  tbcrcforo,  of  this 
ftpccios  liescribed  dtiriug  tbo  daytime  only  a  single  additional 

cllipae,  instead  of  two  ad- 
Fig.  143.  ditioua]  ones,  as  in  tfae 
case  of  T,  aubferraneum. 
But  wu  should  remember 
that  it  was  sbown  in  the  i 
fourth  cliaptcr  that  tli6 ' 
BtcD)  circnnmtitates,  as  no 
doubt  docs  the  main  petiole 
and  the  Bab- petioles;  bO'^ 
that  the  movement  rupro- 
scxited  in  fig.  143  is  a  com- 
pounded one .  W©  tried 
to  obeen-e  the  movements 
of  a  leiif  kept  dtiring  the 
day  in  darkness,  bat  it 
l»egan  to  go  to  sleep  afler 
2  h.  15  m.,  and  this  was 
well  pronounced  after  4  h, 
SOm. 

Trifcfium  npens. — A  stem  was  Hecured  close  to  the  bose  of 
a  moderately  old  leaf,  and  the  movement  of  tlio  terminal  leaflet 
wiiK  observed  during  two  days.  This  case  is  interesting  solely 
from  the  simplicity  of  the  movements,  in  contrafit  with  those  of 
the  two  preceding  sjiecies.  On  the  first  day  the  leaflet  fell 
between  8  a.m.  and  3  p.m.,  and  on  the  second  between  7  a.k, 
and  I  P.M.  On  Iflth  days  the  descending  courFO  was  somewhat 
Kigzag,  and  this  evidently  represents  the  circmimutating  move- 
ment of  the  two  previous  S])ecies  during  the  middle  of  the  day. 
After  1  P.M.,  Oct.  1st  (Fig.  144),  the  leaflet  began  to  rise,  but 
the  movement  was  slow  on  both  dayB,  both  bofure  and  after 
this  hour,  until  4  I'M.  Tltc  rapid  evening  and  nocturnal  rise 
then  commenced.  Thus  in  this  species  the  course  during  24  h. 
cousi.stB  of  a  single  great  ellipse;  in  T.  resupinatum  of  two 
ollipfics,  one  of  which  includes  the  nocturnal  movement  and  is 
much  elongated;  and  in  7'.  subtermne-m  of  tliree  ellipses,  of 
which  the  nocturnal  one  is  likewise  of  great  length. 

Securigera  caroniUa  (Tribe  4). — The  leaflets,  which  stand 
(^poeite  one  another  and  jire  numerous,  rise  up  at  night,  come 
into  close  contact,  and  bend  luickwurds  ut  a  muloratc  ujigU 
towordi)  the  base  of  the  petiole. 
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beeooe  ra^affi  *  fitO*  i»»jiJi  viik 
tbar  Iffvcr  tufaus  fj|— J  obfif^dy 
lo  Ote  centtli-  Tloft  vsi  dearly  flie 
ewe  witk  L.  mt^,  m  te 

niMiWrit  In  hrnMl  firrlVr  Tirnnh     TSie 

yooBg  IcBTCB  <H  the  vmamita  at  ft» 

sfeeoBB  doie  mp  •(  ajskt  id  iimA,  «« 

eAn   to  roenble  lu^i  feo^     n« 

■tipiile-l9ce  Twiffc  >■>  vUck  an  oRea  oC 

Urge  Bxe,  liae  ap  Iflce  the  other  lealldi^ 

and  pKH  agn&sl  the  stea  (Fig.  145), 

AU  the  iMlds  «f  Z.  OcArfn,  ami  pro- 

tably  of  the  other  cfcocK^  are  prorided 

at  their  b«se«  vith  distinct  pttlriiii,  of 

a  ^ellovifih  ooloar,  aod  formed  of  Ter; 

smftll  oeTls.     The  drcumnutation  of  i 

tcrmjna)  leaflet  of  i.  f^'jrinvs  (wiih 

the  stem  Bocured)  was  traced  during 

two  days,  but  the  moTement  voa  so 

8ini]<Ic  that  it  is  not  worth  while  Xo 

^ve    the    diagrom.      The     leaflet    fell 

slowly    from    the   enrly    momiDg    till 

at)0ui  1  P.M.    It  thea  roee  gradually 

at  first,  but  rapidly  lato  in  the  erening. 

It  occasionally  stood  still  for  about  20  m.  during  the  day,  aud 

Romctimes  zigzagged  a  little.     The  moveiimnt  of  one  of  tho 

Uisal,  stipnle-like  leaflets  was  likewise  traced  in  tlio  sanio 

manner  and  at  the  same  lime,  and  its  course  was  closut}'  etiuiilar 

to  that  of  the  terminal  leaflet. 

In  Tribe  5  of  Qenthain  and  Hooker,  the  sloop-mo vnuHMit* 
of  species  in  12  genera  have  l)een  observed  by  ourvtlvts  imd 


Trifn^itm  rtftma  :  cirrsm 
dbUimb  ami  B5Clitn>|NC 
mKrenenU  «f  a  searly 
foll^puwD  tcnciasl 
IcAflct^  traced  oo  k  rcr- 
tiatX  glaM  from  7  A.M. 
Se|it.  30Lh  to  8  jLJL  OcU 
Ut,  KocturoO  course. 
rvi>re»«&tvd  by  carved 
broken  line,  much  ab* 
brcvintcd. 
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sommot,  les  inf6riciire8  ver?  U  base  du  petiole  oommiin ; "  Imt 
the  leaHetfi  on  a  young  plant  olipervod  by  us  in  tlie  groeu- 
house  nien^I^  sunk  vertically  downwanls  at  iii^hL  The  leaflets 
are  raised  in  Sphctiophyta  aaUola,  CoUtea  arborta,  and  Astrtt' 
galui  uHyinosuA,  but  arc  depressed,  according  to  LinnteuB^  in 
Olycyrrhisa,  Tlie  Icttflfit*  of  Jiobinia  pftuh'-acacia  likewise  sink 
Tertically  down  at  night,  but  the  petioles  rise  a  little,  viz.,  in 
one  case  3^,  and  in  another  4°.  The  circumnutating  move- 
ments of  a  terminal  leaflet  on  a  rather  old  leaf  were  traceiJ 
during  two  dayB,  and  were  simple.  The  leaflet  fell  slowly,  in  a 
slightly  eigzag  line,  from  8  a.m.  to  5  ph.,  ami  then  mure 
rapidly;  by  7  a.m.  on  the  following  morning  it  hud  risen  to  its 
diurnal  |>ositioiu  Tliero  was  only  one  peculiarity  in  the  niove- 
meut,  namely,  that  «n  both  days  there  was  a  distinct  thoiigh 
small  oscillation  up  and  down  between  H.'dO  and  10  a..m.,  and 
tlua  -would  probably  have  been  more  strongly  pronounced  if 
the  leaf  had  been  younger. 

Coronilla  roKu  (Tribe  6). — The  leaves  bear  U  or  10  pairs  of 
opposite  leaflets,  which  during  the  day  stand  horiKuntally,  with 

Fig.  14fi. 


CarotitUa  rosM  i  Utif  ti»\'tp. 

Iheir  midribs  at  right  angles  to  tho  petiole.  At  night  they  rise 
np,  BO  that  the  oppoRi'te  leaflets  come  nearly  into  contact,  and 
those  on  tho  yount^er  leaves  into  close  contact  At  the  same 
time  they  bend  back  townrdu  the  base  of  the  petiole,  until  their 
midribs  form  with  it  angles  of  from  40°  to  DO"  in  ft  vertical 
plane,  as  here  figured  (Fig.  14G).  Tho  leaflets,  however,  some- 
times  bend  fo  much  hack  that  their  midribs  become  parallel  to 
■nd  lie  on  the  petiole.  They  thns  occupy  &  reversed  position 
to  what  they  do  in  several  Leguminone,  lor  in«1ance,  in  Mimofa 
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pndka ;  but,  fi-ora  standing  further  apart,  they  do  not  overlap 
one  Htiottier  ne;trly  su  much  a&  in  this  battel  plunt.  The  main 
petiole  IB  curved  slightly  downwards  during  the  day,  but 
straightens  itsolf  at  night.  In  three  eases  it  i-osc  from  3"  above 
the  horiKon  at  noon,  to  9''  at  10  p.m.;  from  IP  to  33";  and  from 
5"^  to  33°— the  omouEt  of  angular  movement  in  this  latter  cjvse 
amounting  to  28".  In  several  other  Rpecice  of  Coronilla  the 
leaflets  showed  only  feeble  movements  of  a  aimilar  land. 

JieJifsarum  coronariinn  (Tribe  C).^ThQ  Email  Iflteiul  leaflets 
OQ  plants  growing  out  of  doors  rose  up  vertically  at  night,  but 
the  large  terminal  one  became  only  moderately  inclined.  The 
petioles  apparently  did  not  rise  at  all. 

Smitfiia  Pj'widii  (Tribe  6). — The  leaflets  rise  up  vertically, 
and  the  main  petiole  hIbo  rises  considerably. 

Arachis  hyjH^gcca  (Tribe  6>.— The  shape  of  a  leaf,  with  its  two 
pairs  of  leaflets,  is  shown  at  A  (Fig.  147);  and  a  leaf  asleep. 


Fig.  U7. 


Ar^schii  ttiipfi^aa;  A,  leaf  JuHng  the  daTt  seen  from  reritcnlly  above ;  B| 
Icfif  ttsjecp,  ]>eea  lutcrally ;  oopted  frotn  a  photogriph.  Figurt*  mueli 
reduced. 

traced  from  a  pliologmph  (made  by  the  aid  of  aluminium 
light),  is  given  at  B.  Tlie  two  terminal  leaflets  twist  round  ot 
night  until  their  blnd^s  stand  vertimlly,  and  approach  each 
other  until  they  meet,  at  the  enme  time  moTing  a  little  upwards 
and  backwanls.  The  two  lateral  leaflels  meet  each  other  in  the 
same  manner,  but  move  to  a  greater  extent  forwards,  that  is,  in 
(I  enntmry  direction  to  the  two  terminal  leaflets,  which  they 
partially  embrace.  Thus  all  four  leaflets  form  together  a  single 
pricket,  with  their  odge.^  directed  to  the  zenith,  and  with  their 
lower  surfaces  turned  outwards.  On  a  plant  which  was  not 
growing  vigorously  tlio  closed  leaflets  eoomod  too  heavj-  for  lh» 
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petioles  to  rapport  them  in  a  vertical  positian,  ro  tliat  each 
Dight  the  main  petiole  became  twisted,  tind  all  the  piickets  were 
extended  horijEontally,  with  the  lower  ^turfaces  of  the  leaflets  on 
one  eide  directed  to  the  zenith  in  a  roost  anomalous  znanner. 
This  fact  is  mentioned  solely  as  a  caution,  as  it  surprised  cu! 
grcatlr,  until  we  discoTered  that  it  was  an  anomaly.  The 
petioles  arc  inclined  upwards  during  the  day,  but  siuk  at  night, 
so  as  to  stand  at  aboat  right  angles  with  the  stem.  The  amount 
of  fiiaking  was  measured  only  on  one  occasion,  and  found  to  be 
ay.  A  petiole  was  secured  to  a  stick  at  the  base  of  the  two 
terminal  leaflets,  and  the  circumnubiting  movement  of  ono  of 
these  leaflet*  was  traced  from  6.10  a. si.  to  10.40  pji.,  the  plant 
being  illuminated  fromalwve.  The  temi>eraturo  was  17°— 174**  C, 
and  thcxoforo  rather  too  low.  During  the  16  h.  the  leaflitt  moved 
thrice  up  and  thrice  down,  and  as  the  ascending  and  descend* 
ing  lines  did  not  coincide,  three  elh'pses  were  formed. 

Deamotiium  gyrans  (Tribe  6). — A  hwge  and  full-grown  leaf  of 
this  plant,  so  famous  for  thu  spontAneous 
movements  of  the  two  little  Inteml  Icafluts, 
is  here  represented  (Fig.  148).  The  large 
terminal  leaflet  sleeps  by  sinking  vcrticaliy 
down,  whilst  the  petiole  rises  up.  The  coty- 
ledons do  not  sleep,  but  the  firnt-formed  leaf 
Bleeps  equally  well  as  the  older  ones.  Tlie 
appearance  preeented  by  a  sleeping  branch 
aad  one  in  the  day-time,  copied  from  two 
photographs,  are  shown  at  A  and  13  (Fig. 
14U),  and  we  see  how  at  night  the  leaves  are 
crowded  together,  as  if  for  mutual  pro- 
tection, by  the  rising  of  the  petioles.  The 
petioles  of  the  younger  leaves  near  the  aura- 
mita  of  the  shoots  riee  np  at  night,  so  as  to 
stand  vertical  and  parallel  to  tho  stem  ; 
wliilst  thoKe  on  the  sides  wore  found  in  four 
cases  to  have  risen  respectively  464°,  SH', 
20°,  and  19-5°  above  the  inclined  ixisitions 
which  they  had  occupied  during  the  dfiy. 
For  instance,  in  the  first  of  those  four  ca«e8 
the  petiole  stood  in  tho  day  at  23**,  and  at 
night  at  6yi''  above  tho  horizon.  In  the 
evening  tho  r:sing  of  the  petioles  is  almost 
eompleted  before  tho  leaflets  sink  perpendicularly  duwnwarrls. 


Dfstncdium  'lyrattft 
luaf  se«n  from 
nbovo,  radui'od 
to  onc-hnlf  da- 
ttirikl  Biz«.  Th« 
minute  etlpulM 
nnii!iunlly  larfii 
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Cirevmuutation, — The  circumnutntJJig  moyementB  of  four 
young  shoots  woro  oI>S(:i*vtKi  during  5  h.  15  ni. ;  and  in  ttiis  time 
each  complctetl  an  oval  figure  of  small  size.  Tlie  main  petiglo 
also  circuiuQulntos  rajiidly,  for  in  the  couruo  of  31m.  (temp, 
91''  F.)  it  changed  it*s  course  by  as  much  as  a  rectangle  ais  timos^ 
deecrihing  a  figuro  which  apparently,  represented  two  ellipsea. 

Tig.  14«. 


mr 


Degmr>^iiam  gjirana:  A.  stein  during  the  iny-y  B,  tteni  with  lenres  MlMp. 
Cojjieil  from  n  photogmph  ;  figtire<  redttced. 

The  movement  of  Iho  terminal  leaflet  by  means  of  its  Kub- 
petiole  or  pulvimis  is  quite  as  rapid,  or  even  more  bo,  than  that 
of  1hc  main  pctiolo,  and  htts  m\ich  groator  amplitude.  PfelTi  r 
has  »eon*  these  leaflets  move  through  an  angle  of  8°  in  the 
course  of  from  10  lo  30  seconds, 

A  fine,  nearly  full-grown  leaf  on  a  young  plunt,  8  inches  in 
height,  with  the  stem  secured  to  a  stick  at  the  l>fi£C  of  tho  leaf, 
vu  observed  from  8.30  a.m.  June  22nd  to  8  a.h.  Juno  24th 


•  *  Dw  Perio.1.  Rpweg..'  |j.  35. 


Zbav.  VII. 


SLEEP  OF  LEAVES. 


359 


In  the  diagram  given  on  the  next  page  (Pig.  150),  the  twc 
curred  broken  lines  at  the  base,  which  represent  the  noctunial 
courses,  ought  to  bo  prolonged  far  downwards.  On  the  first 
day  the  leaflet  moved  thrice  down  and  thrice  up,  and  to  a  oon- 
siderablo  diBtauee  laterally;  the  course  was  also  remarkably 
crooked.  The  dots  were  generally  made  every  hour;  if  they 
had  been  made  every  few  minutes  all  the  lines  would  have  been 
zigzag  to  an  extraordinary  degree,  with  here  and  there  a  loop 
foi-nied.  We  may  infer  that  this  would  have  been  the  case, 
because  five  dots  were  made  in  the  course  of  31  m.  (between 
]'2.31  and  1.5  p.m.),  and  wo  eeo  in  the  upper  part  of  the  diagram 
how  crooked  the  course  here  is:  if  only  the  first  and  last  dotx 
had  been  joined  we  should  have  had  a  straight  line.  Exactly 
the  same  fact  mny  be  seen  in  the  lines  reproKcnting  the  C'-'urse 
between  2,24  p.m.  and  3  P.M.,  when  six  intermediate  dots  were 
made;  and  again  at  4.46  and  4.50.  But  the  result  was  widely 
different  after  6p.k., — that  is,  after  the  great  nocturnal  descent 
bad  commenced;  for  though  nine  dotawere  then  made  in  the 
oonrso  of  32  m ,  when  these  were  joined  (see  Figure)  the  line  thus 
formed  was  almost  straight.  The  leaflets,  therefore,  begin  to 
descend  in  the  afternoon  by  zigzag  tines,  but  a9  soon  as  the 
descent  becomes  rapid  their  whole  energy  is  expended  in  thus 
moving,  and  their  coutho  hecomea  lectilinear.  After  the  leaflets 
»re  completely  asleep  they  move  very  little  or  not  at  all. 

Hod  the  above  plant  been  subjected  to  a  higher  tenifjcrature 
than  07" — 70"  R,  the  movomente  of  the  terminal  leaflet  would 
probably  have  l>oon  even  more  rapid  and  wider  in  extent  than 
those  shown  in  the  diagram ;  for  a  plant  was  kept  for  somo  time 
ia  the  hot-houi-e  at  from  92°— 93"^  F.,  and  in  the  course  of  35  m. 
the  apex  of  a  leaflet  twice  descended  and  once  ascended,  travelling 
over  a  space  of  12  inch  in  a  vertical  direction  and  of  '82  inch  in 
a  horizontal  direction.  Whilst  thus  moving  the  leaflet  also 
rotated  on  its  own  axis  (and  this  was  a  point  to  which  no  atten- 
tion bad  been  before  paid^  for  tlie  plane  of  tbe  blade  differed  by 
41*"  after  on  interval  of  only  a  few  minutes.  Occasionally  the 
leaflet  stood  still  for  a  short  time.  There  was  no  jerking  move- 
ment, which  is  so  characteristic  of  the  little  lateral  leaflets.  A 
sudden  and  considerable  fall  of  temperature  causes  the  tenninal 
leaflet  to  sink  downwards ;  thus  a  cut-off  leaf  was  immersed  in 
water  at  95°  F.,  which  was  slowly  raised  to  103''  F.,  and  after- 
wards allowed  to  sink  to  70"  F.,  and  the  sub-petiole  of  the  ter- 
minal leaflet  then  curved  downwards.  The  water  was  afterward* 
24 
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raised  to  1%P  F.,  and  the  sub-petiole  straightened  itself.  Similar 
experiineuta  with  leaves  in  water  were  twice  Tepeated,  with 
nearly  the  same  result.  It  should  be  added,  that  water  raised 
to  even  122°  F.  dcH^s  not  soon  kill  a  leaf,  A  plant  was  placed 
in  darkneRS  at  8.37  a.m.,  and  at  2  p.m.  (i.e.  after  5  h.  23  in.),  though 
the  leaflets  liatl  sunk  consideraMy,  ttiRy  had  oy  no  means  ao 
quired  their  nocturnal  vertically  dependent  position.  Pfeffer,  on 
the  other  hand,  says  •  that  this  occurred  with  him  in  from  S  h, 
to'Jh.;  iierhapa  the  difference  in  onr  rcsnlta  may  be  due  to 
the  plant  on  which  wo  experimented  being  a  very  yoiuig  and 
vigorous  eeodling. 

The  Mcvemenis  of  the  little  Lat*  fat  Leaflets. — Tlie.se  have  ht&n  so 
often  described,  that  we  will  ondcavom-  to  be  as  brief  as  possible 
in  giving  a  few  new  facts  and  conclusions.  The  leaflets  some- 
times quickly  change  their  position  by  as  much  as  nearly  180**; 
and  their  eub-petioles  can  then  l>e  soon  to  become  greatly  curved. 
They  rotate  on  their  own  axes,  bo  that  their  upper  surfaces  are 
ilixcctcd  to  all  points  of  the  compass.  The  figure  described  by 
the  apex  is  an  irregular  oval  or  ellipse.  They  sometimes  re- 
main stationary  for  a  period.  In  theyo  several  rospecta  there  is 
no  differencej  except  in  rapidity  and  extent^  between  their  move- 
nients  and  tlio  lesser  ones  performed  by  the  large  terminal 
leaflet  whilst  making  its  great  oscillations.  The  movements  of 
the  little  leaflets  are  much  influonced,  as  is  well  known,  by 
toraporaturo.  This  wm  clearly  shown  by  immersing  leaves  with 
motionless  leaflets  in  cold  water,  which  was  slowly  roieed  to 
103"  F.,  and  the  leaflets  then  moved  qwckly.  describing  about  a 
dozen  little  irregular  circles  in  40  m.  By  this  time  the  water 
had  l)ecome  ranch  cooler,  and  the  movements  becamo  slower  or 
almost  ceased;  it  was  then  raised  to  100°  F.,  and  the  leaflets 
again  b^an  to  move  quickly.  On  another  occasion  a  tuft  of 
fine  leaves  Was  immersed  in  water  at  63"  F.,  and  the  leaflets 
were  of  course  motionless.  The  water  was  raised  to  99",  and 
the  leaflets  soon  began  to  move;  it  was  raised  to  105",  and  the 
movements  became  much  more  rapid;  each  little  circle  or  oval 
being  completed  in  from  1  m.  30  e.  to  1  ra.  45  s.  There  was, 
however,  no  jerking,  and  this  fact  may  perhaps  bo  attributed  to 
the  resistance  of  the  water. 

Sachs  statyfi  that  tho  leaflets  do  not  move  until  tho  enrroTUid- 
ing  air  is  as  high  as  71° — 72°  F.,  and  this  agrees  with  oiur 
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experience  on  fiill-grown,  or  nearly  full-grown,  plants.  But  the 
leaflets  of  yonng  seedlings  esliihit  a  jerking  movement  at  much 
lower  temiMjratures.  A  seedling  waa  kept  (April  16tli^  in  a  roonj 
for  half  the  day  where  the  temperature  was  ettady  at  64°  F., 
and  the  one  leaflet  which  it  bore  was  continually  jerking,  but 
not  BO  rapidly  as  in  the  liot-honso.  The  pot  was  taken  in  the 
evening  into  a  bed-rooui  where  the  temjK^rature  remained  at 
62*^  during  nearly  the  whole  night;  at  10  and  11p.m.  and  at 
1  A.u.  tbe  leaflet  was  still  jerking  rapidly ;  at  3.30  a  m.  It  was  nut 
seen  to  jerk,  hut  wjis  observed  during  only  a  short  timo.  It  was, 
however,  now  inclinoil  at  a  much  lower  angle  than  that  occupied 
at  1a.m.  At  C.30  a. u.  (temp.  Ci°  F.)  ita  moHnation  was  still 
loss  tlmn  before,  and  again  less  at  6.15 a.u  ;  by  7.40 am.  it  had 
risen,  and  at  8.30  a.si,  was  again  seen  to  jerk.  This  leaflet, 
therefore,  was  moving  during  the  whole  night,  and  the  move- 
ment was  by  jerks  up  to  1  a.u.  (and  possibly  later)  and  again  at 
8.30  Alt.,  though  the  temperature  was  only  Cl°  to  62°  F.  Wo 
must  therefore  conclude  that  the  lateral  leaflets  produced  by 
young  plants  differ  somewhat  in  constitution  from  those  on 
older  plants. 

In  the  laiT;e  genus  Desmodium  by  for  the  grcat«*  numlier 
of  the  species  are  trifohate;  but  some  are  uuifoliate,  and  even 
the  samo  plant  may  hear  uni-  and  trifoliate  leaves.  In  most 
of  the  species  tlie  lateral  leaflets  are  only  a  little  smaller  than 
the  terminal  one.  Therefore  the  lateral  leaflets  of  IK  gyram 
(see  former  Fig.  148)  must  be  considered  as  almost  rudi- 
mentary. They  are  also  rudinentary  in  function,  if  this  ex- 
pression may  be  used;  for  they  certainly  do  not  sleep  like  the 
full-sized  terminal  leaflets.  It  is,  however,  possible  that  the 
sinking  down  of  the  leaflets  between  1  a.m.  and  6.45  a.m.,  as 
above  describod,  may  represent  sleep.  It  is  well  known  that 
the  leaflets  go  on  jerking  during  the  early  port  of  the  night; 
but  my  gardener  oliscrvcd,  (Oct.  13th)  a  plant  in  the  hot-house 
between  5  and  6.30  A.M.,  the  tcmporaturo  having  boon  kept  up 
to  S2°  F.,  and  found  that  all  the  leaflets  were  inclined,  but  he 
Buw  no  jerking  movement  until  6.55  a.m.,  by  which  time  the 
terminal  leaflet  hod  liscn  and  was  awake.  Two  days  afkr> 
wards  (Oct.  15th)  the  eame  plant  was  observed  by  him  at 
147  A.M.  (temp.  77°  F.),  and  he  found  that  the  large  terminal 
leaflets  were  awake,  though  not  quite  horizontal;  and  the  only 
cause  which  we  could  assign  for  this  anomnlous  wakefulness  was 
that  the  plant  bod  been  kept  for  experimental  purposes  during 
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the  prerions  day  at  an  uniisually  high  tcmpcratnre;  the  little 
lateral  teafletfi  were  also  jerking  at  tMs  hoar,  but  whether 
there  was  any  connectioii  hetnecn  this  latter  fact  aud  the  sub- 
borizoutal  position  of  the  tcrmiDal  leaflets  wo  do  cot  know. 
Anyhow,  it  is  certain  that  the  lateral  leaflets  do  not  sleep  like 
the  terminal  leaflets;  and  in  so  far  they  may  lie  said  to  I>e 
ill  a  funciionally  rmliincntary  condition  Tliey  are  in  a  similar 
cuudilion  in  relation  to  initability;  for  if  a  plant  be  sliaken 
or  syringed,  the  torminul  leaflets  sink  down  to  about  45°  be- 
neath the  horizon ;  but  wo  could  ncTcr  detect  any  effect  thus 
produced  on  the  lateral  leaflets;  yet  wo  are  not  prepared  to 
assert  positively  that  rubbing  or  pricking  the  pulvinus  produces 

DO  oflcct 

As  in  the  case  of  most  rudimentary  organs,  the  leaflets  are 
variable  in  size;  they  often  depart  from  their  normal  position 
and  do  not  etaud  o].irx)site  one  another;  and  one  of  the  two  is 
frequently  absent.  This  absence  appeared  in  some,  but  not  in 
■II  the  cases,  to  be  due  to  the  leaflet  having  Itecome  completely 
sonflnent  with  the  main  petiole,  as  might  be  inferred  from  the 
presence  of  a  slight  ridge  along  its  upper  margin,  and  from  the 
course  of  the  vessels.  In  on©  instance  there  was  a  vestige  of 
the  leaflet,  in  the  shape  of  a  minute  point,  at  the  further  end  of  the 
ridga  The  frequent,  sudden,  aud  complete  disappearance  of  one 
or  both  of  the  rudimentary  leaflets  is  a  rather  singular  fact;  but 
it  is  a  much  more  surprising  one  that  the  leaves  which  ore  flrst 
developed  on  seedling  plants  are  not  provided  with  them.  Thus, 
on  one  seedling  the  seventh  leaf  alx>ve  the  cotyledons  was  the 
fiiBt  which  bore  any  lateral  leaflets,  aud  then  only  a  single  one. 
On  another  seedling,  the  eleventh  leaf  flrst  bore  a  leaflet ;  of  the 
nine  succeeding  leaves  five  bore  a  single  lateral  leaflet,  and 
four  bore  none  at  all ;  at  Inst  a  leaf,  the  twenty-first  alxjve  the 
eotyledons,  was  provided  with  two  rudimentary  lateral  leaflets. 
From  a  widespread  analogy  in  tht  animal  kingdom,  it  might 
have  been  expected  that  these  rudimentary  leaflets  would  have 
been  better  developed  and  more  regularly  present  on  very  young 
than  on  older  plants.  But  bearing  in  mind,  firstly,  that  long- 
lost  characters  sometimes  reappear  late  in  life,  and  secondly, 
that  the  species  of  Desmodium  are  generally  trifoliate,  but  that 
some  are  nnifoliato,  the  suspicion  arises  that  Z>.  gt/rans  is 
descended  from  a  unifoliate  species,  and  that  this  was  descended 
from  a  trifoliate  one ;  for  in  this  case  both  the  absence  of  the 
Uttlo  lateral  leaflets  oa  very  young  soodlings,  and  their  sab- 
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6eqi;(^ttt  appcai-anco.  may  be  attributed  to  reversion  to  more  oi 
less  liistant  progenitors.* 

No  oae  supijosca  that  the  rapid  movements  of  the  lateral 
leaflets  of  D.  fiyrami  aro  of  any  use  to  the  plant;  and  why 
they  shonM  hohavo  in  this  manner  is  quite  unknown.  We 
imagined  that  their  power  of  movement  might  stand  in  somfl 
relation  with  their  mdimcntary  condition,  and  therefore  oh- 
Bcrved  the  almost  rudimentary  leaflets  of  Mimosa  albida  vd 
scnsittva  (of  which  a  diuwing  irill  hereafter  be  given.  Fig.  151)); 
but  they  exhibited  no  extraordinary  movements,  and  at  night 
they  went  to  sleep  like  the  full-sized  leailets.  There  ia,  how- 
ever, this  remarkable  difference  in  the  two  cases;  in  Desmo- 
dium  the  pnlviims  of  the  nidimentary  leaflets  has  not  been 
redaced  iu  length,  in  correspondence  with  the  retluction  of  the 
blade,  to  the  samo  extent  as  has  occurred  in  the  llimosa;  and  it 
is  on  the  length  and  degree  of  curvature  of  the  pulvinus  that  tlic 
amount  of  movement  of  the  blade  depends.  Thus,  the  average 
length  of  the  pulvinuB  iu  the  large  terminal  leaflets  of  Besmo- 
dium  18  3  uuu„  wliilsfe  tliat  of  the  rudimentary  leaflets  is  266  mm.  j 
so  that  they  differ  only  a  little  in  length.  But  in  diameter  they 
difTer  much,  that  of  the  pulvinus  of  the  little  leaflets  being  only 
0'3^  mm.  to  0*4  mm.;  whilst  that  of  the  terminal  leaflets  ia 
i'33  mm.  If  we  now  turn  to  th©  Blimosa,  we  find  that  the 
average  length  of  the  pulvinus  of  the  almost  rudimentary 
leaflets  ia  only  0'4C6  mm.,  or  rather  more  than  a  quarter  of  Uie 
length  of  the  pulvinus  of  the  full-sized  leaflets,  namely,  1 '  66  mm. 
In  tliis  small  reduction  in  length  of  the  pulvinus  of  the  rudi- 
mentary leaflets  of  Desmodium,  we  apparently  have  the  proxi- 
mate cause  of  their  great  and  rapid  cireumnutating  movement, 
in  contmst  with  tlrnt  of  the  almost  rudimentary  leaflets  of  the 
Mimosa.  The  small  size  and  weight  of  the  blade,  and  the  little 
resistance  opposed  by  tho  air  to  its  movement,  no  doubt  also  come 
into  play;  for  wo  have  seen  that  those  leaflets  if  immersed  in 
water,  when  the  resistance  would  be  much  greater,  wcro  pro- 
vented  from  jerking  forwards.  Why,  during  the  reduction  of 
the  lateral  leaflets  of  Dosmotlium,  or  during  their  reappearance 
— if  they  owe  their  origin  to  reversion — the  pulvinus  should 
have  been  eo  much  less  aifcctcd  than  the  blade,  whilst  with  the 


*  Detmodi'trm  tegpertilionia  ia  ruiliment.'iry  lateral  lenflets.  Dn- 
cJoM'ly  allied  tn  D.  gyram,  and  obartre, 'KJcmeotsde  Botatiique. 
U  eeems  only  occasioanlly  to  bear       18G7,  p.  358. 
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Mimosa  the  pnlTiDus  lias  been  ^p-eatly  reduced,  ve  do  not 
know.  KcTcrtbelcss,  it  deserves  notice  that  the  rcdnctjon  of 
the  leafloU  in  those  two  genera  has  apparently  been  effected  by 
ft  different  process  and  for  a  dificrcnt  end ;  for  with  the  Mimosa 
the  reduction  of  the  inner  and  basal  leaflets  was  necessary  from 
ihe  want  of  space;  but  no  suob  necessity  oiista  with  Demno- 
dinm,  and  the  reduction  of  its  lateral  leaflets  seems  to  have 
been  duo  to  the  principle  of  compensation,  in  consequence  of 
the  great  size  of  the  terminal  leaflet. 

Uratia  (Tril*  6)  and  <  'e„trose7iia  (Tribe  8) —The  leaflets  of 
Vraria  layopiis  and  the  leaves  of  a  Centrosema  from  Brazil 
both  sink  verticaUy  down  at  night.  In  the  latter  plant  the 
petiole  at  the  same  time  rose  16^. 

AmphicarpoDa  monoica  (Tribe  8).— The  leaflets  sink  down  ver- 
tically at  nightj  and  the  petioles  likewise  fall  considerably. 


Fig.  151. 
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Amphiaarpaa  monoica :  circamDutation  nod  nyctitropic  moTement  cf  leaf 
rlarlog  48  b,;  It5apex  dicclies  from  tbeyerlical  glass.  Figure  reiluc«d 
to  one-third  of  origiaal  icale.     Plank  iUoramated  from  above-  temp, 

A  petiole,  which  was  carefully  observed,  stood  during  the  day 
25*  abore  the  horizon  and  at  night  32°  below  it ;  it  therefore 
fell  57**.  A  filament  was  fixed  transversely  across  the  terminal 
leaflet  of  a  6ne  young  leaf  (2t  inches  in  lengtb  including  the 
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petiole),  and  the  movement  of  the  whole  leaf  was  traced  on  a 
vertical  glass.  Tliis  was  a  l>acl  jilnu  in  Bomo  respects^  because 
the  ratation  of  the  leaflet,  indepeiitlently  of  its  rising  or  felling, 
raised  and  depressefl  the  filament;  but  it  was  the  best  plan  for 
our  special  purpose  of  observing  whether  the  leaf  moved  much 
after  it  hud  gone  to  sleep.  The  plant  had  twined  closely  round 
a  thin  stick,  so  that  the  circumnutation  of  the  stem  was  pi^o- 
vented.  The  movement  of  the  leaf  was  traced  during  48  h., 
from  9  A.M.  July  10th  to  9  a.m.  July  12th.  In  the  figure  given 
(i'ig.  151)  we  see  how  complicated  its  coui*se  was  on  both  days ; 
during  the  second  day  it  clianged  its  course  greatly  13  times. 
The  leaflets  began  to  go  to  sleep  a  little  after  6  p.m.,  and  by 
7.15  P.M.  hung  vertically  down  and  were  completely  asleep; 
but  on  both  nights  they  continued  to  move  from  7.15  p.m. 
to  10. '10  and  10.50  p.m.,  quite  as  much  as  diu-ing  the  day;  and 
this  was  the  point  which  we  wished  to  ascertain.  We  see  in 
the  figure  that  the  great  sinking  movement  late  in  the  evening 
does  not  difer  essentially  from  the  clrcTunniitation  during 
the  day. 

Wycine  hispida  (Tribe  8). — The  three  leaflets  sink  vertically 
down  at  night. 

Krythrina  (Tribe  8). — Five  speciea  were  observed,  and  the 
leaflets  of  all  sank  vertically  down  at  night ;  with  E.  caffra  and 
with  a  second  unnamed  species,  the  petioles  at  the  same  time 
rose  slightly.  The  moveraants  of  the  terminal  leaflet  of  A",  crhta- 
gain  (with  the  main  petiole  secured  to  a  stick)  were  traced 
from  C.40  A.M.,  Jime  8th^  to  8  a.m.  on  the  10th.  In  oi-der  to 
observe  the  nyctitropic  movements  of  this  plant,  it  is  necessary 
that  it  should  have  grown  in  a  warm  greenhouse,  for  out  of 
doors  in  our  climate  it  does  not  sleep.  We  see  in  the  tracing 
(Fig.  152)  that  the  leaflet  oscillated  twice  op  and  down  between 
early  morning  and  noon ;  it  then  fell  greatly,  afterwards  rifdng 
till  3  P.M.  At  tliia  latter  hour  the  great  nocturnal  fall  com- 
menced. On  the  fjccoud  day  (of  wliich  the  tracing  is  not  given) 
there  was  exactly  the  some  double  oscillation  before  noon,  but 
only  a  very  smal  [  one  in  the  afternoon.  On  the  third  morning 
the  leaflet  moved  laterally,  which  was  duo  to  its  beginning  to 
assume  an  oblique  position,  as  seems  invariably  to  occur  with 
the  leaflets  of  this  ajiecies  as  they  grow  old  On  both  m'ghts  after 
the  leaflets  were  asleep  and  Inmg  vertically  down,  they  oontiitual 
to  move  a  little  both  up  and  down,  and  from  side  to  side. 

Erytkrina  cafra,—A  filament  was  fixed  transversely  ocioei 
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a  tennhial  laalel^M  tb  wiHfciwI 
loofanmite  oioveBcotswlKn 
ai^eepk  Tbe  pluit  vis  plieed 
in  tbo  w***^"^  of  JmMt  lOtk 
tmder  a  ricTli^t,  when  fhe 
light  ns  not  bright;  and  ve 
do  not  know  whether  it  vis 
o«ing  to  ihia  catne  or  to  the 
plant  harjng  heesa  di&tarbed, 
but  the  leaflet  hung  rerticallr 
down  all  daj;  oeTcrihcU-se  It 
circnmnntated  in  this  pod- 
\iaa,  describing  a  fignre  which 
repreeeoted  two  irrecnlar  el- 
lipsea.  On  the  next  day  it 
circomnatated  in  a  greater 
degree,  describing  four  irro- 
gular  tlUpees,  and  by  3  p.m. 
hnd  risen  into  a  horizontal  po- 
sition. By  7.15  P.M.  it  was 
asleep  and  Tertically  depen- 
dent^ but  continued  to  circnm- 
natate  as  long  as  observed, 
until  11  P.M. 

Erythiina  coraUo^mdi  o». — 
The  movtmcnts  of  a  terminal 
leaQet  were  traced.  During 
the  second  day  it  oscillated 
four  times  up  and  four  times 
down  between  8  a.m.  and  4 
p.iL,  after  which  hour  the  great 
nocturnal  full  commenced.  On 
the  third  day  the  movement 
was  equally  grtat  in  ompli- 
tnde,  but  was  remai-kably 
fiiinple,  for  the  leaOct  rose  in 
tux  almost  perfectly  struight 
lino  from  6.50  a.m,  to  3  p.m., 
and  then  sank  down  in  an 
equally  Btraight  line  until 
vertically  dependent  and 
aaleepv 
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SryihriTUt  eri^t  >-<jalli :  cireumDutA- 
tion  and  nyctitropic  movement 
of  tcmiiaal  leaflet,  32  io'^lie"  in 
lenfjth,  trnroj  during  U-S  h. ;  nj>eK 
of IcifS)  inchofl  from  thi*  volicfti 
glius.  ('igaro  reduceil  to  ene-hill 
of  origin.-*!  Kcale.  Pliint  Ulumf- 
iiftt»d  from  aboTci  tamp.  I7i^- 
184*'  C. 
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Jpios  tuheroia  (Tribo  8).— The  leaflets  siuk  vertically  dowc 
at  night 

Phaseolus  vultjaris  (Tribe  8). — The  leaflets  likewise  sink  verti- 
cally down  at  night.  In  the  grcenhonw  tlio  petiole  of  a  yoiuig 
leaf  rose  16^  and  that  of  an  older  leaf  10°  at  night.  With 
plants  growing  out  of  doors  the  leaflets  apparently  do  not  sleep 
until  somewhat  late  in  the  season,  for  on  the  nights  of  July  1 1th 
and  12th  none  of  them  were  asleep;  ivlici'cas  on  the  night  of 
August  15th  the  same  plants  had  most  of  their  leaflets  voxti- 
cally  dependent  and  asleep.  With  Ph,  caxwalia  and  J.'cnmn- 
dt'sii,  the  primary  nnifoliate  leaTca  and  the  leaflets  of  the 
secondary  trifoliate  leaves  sink  vertically  down  at  night.  This 
holds  good  with  the  secondary  trifoliate  leaves  of  I*h.  liox- 
bwfjhii,  but  it  is  remarkable  that  the  priraary  anifoliato  leaves, 
which  are  much  elongated,  rise  at  night  from  about  SJO'^  to 
about  60°  above  the  horizon.  With  older  eeedlings,  however, 
having  tho  secondary  leaves  just  developed,  the  primary  leaves 
stand  in  the  middle  of  the  day  horizontally,  or  are  deflected 
a  little  beneath  the  horizon.  In  one  such  case  the  jjiimary 
leaves  roFO  from  26^  beneath  the  horizon  at  noon,  to  20"  above 
it  at  10  vja. ;  whilst  at  this  same  hoar  the  leaflets  of  tho 
secondary  leaves  were  vertically  dependent.  Here,  then,  we 
have  the  extraordinary  case  of  the  primary  and  secondary 
l6ivcB  on  the  same  plant  moving  at  the  same  tiine  in  opposite 
directions. 

We  have  now  seen  that  the  leaflets  in  the  six  genera  of  Pho- 
BeolesD  observed  by  ua  (with  the  exception  of  the  primary  leaves 
of  Pha&eolui  Mosdmryhit)  all  sleep  in  the  same  maimer,  namely, 
by  sinking  vertically  down.  The  movements  of  the  petioles 
were  observed  in  only  three  of  these  genera.  They  rose  in 
Centrosema  and  Phascohis,  and  sunk  in  Amphicorpteo. 

Sophora  divysophylia  (Tribe  10). — The  leaflets  rise  at  night, 
and  are  at  the  same  time  directed  towards  the  apex  of  the  leaf, 
as  in  Minwsa  pudica. 

CcEsalpinia^  H(vmntojy}an,  QltdiUchia,  Poincirtna. — Tho  leaflets 
of  two  species  of  CsBsalpinia  (Tribe  13)  rose  at  night  With 
BcEinatocLylon  Campechianxim  (Tribe  13)  tho  leaflets  move  for- 
wards at  night,  so  that  thoir  midribs  stand  parallul  to  the 
petiole^  and  their  now  vertical  lower  Bur&cea  are  turned  out- 
wards (Fig.  158).  The  potiolo  sinks  a  little.  In  QlttdUschia,  if 
we  understand  correctly  Duchartre's  description,  and  in  Poin- 
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nana  Gillieiii  (both  belonging  to  Tribe  13),  the  leaves  bcluiva 
IB  the  same  manner. 

Fig.  153. 
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Btmatoxylon  Camperhianwn  ;  A,  brancli  during  dnrtime  ;  B,  branch  with 
leavM  ul«ep,  reduced  to  two  thirds  of  natural  scnle. 

CoKsia  (Tribe  14). — ^The  nyctitropic  movemente  of  the  leaves 
iu  many  species  in  tliis  genua  are  closely  aViliC,  aiirl  are  highly 
complex  They  were  first  liriefly  described  by  Linnseus,  and  since 
by  Duchartre.  Our  observations  were  mndo  chiefly  on  C.Jlnri- 
btnda*  and  cori/mbosa,  but  several  other  species  were  casually 
observed.  The  horizontally  extended  leaflL'ts  sink  dovnx  rcrti- 
pally  at  night;  but  not  simply,  as  in  eo  many  other  genera,  for 
each  leaflet  rotates  on  its  own  axis,  so  that  its  lower  suriiioe 
feces  ontwards.  The  upper  surfaces  of  the  opposite  leaflets  are 
thus  brought  into  contact  with  one  another  beneath  the  petiole, 
and  are  well  protected  (Fig.  154X  Tlie  rotation  and  other  move- 
ments are  effected  by  means  of  a  well-developed  pulvinus  at  th« 
base  of  each  leaflet,  as  could  be  plainly  seen  when  a  straight 
narrow  black  line  had  been  painted  along  it  during  the  day. 
The  two  teniunal  leaflets  in  the  daytime  include  ratlier  less  than 
a  right  angle;  but  their  divergence  increases  greatly  whilst  they 


•  1  Bin  infnnned  by  Mr.  Dyer 
that  Mr.  Bt;ntlinm  believer  thnt 
t-'.  Jiori'miKit  (ii  cuininon  grcen- 
^onse  bush)  is  a  liybnil  mi^ti<l  In 
Franoc,  and  llmt  it   c"mej*  very 


near  to  C.  dvrigat".  It  ia  no  doaht 
tlic  snmc  nB  the  form  described  by 
lindlcy  ('  liot.  Hog.,'  Tub.  1422; 


Vasaia  cor^niks'-t :  A,  plant  daring  daj ;  B,  sama  fUnt  st  night. 
Bath  6gureft  copied  from  f  hotognphs. 

iu  one    matanoe  we  found  that  the  midiib  of  a   terminal 
leaflet  formed  at  night  on  angle  of  36*",  with  a  line  dropped 
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perpendicniarly  from  tbe  end  of  the  peiiolo.  The  eocond  pair 
of  leaflets  likewise  moves  a  littlo  backwards,  hut  less  than  the 
terminal  i«iir;  and  the  thinl  pair  moves  vei-tieally  downnnrds, 
or  even  a  little  forwards.  Thus  all  the  lealloU,  in  those  ftpocies 
which  beor  only  3  or  4  pairs,  tend  to  form  a  single  i>ackct,  with 
their  upper  surfaces  in  contact,  and  their  lower  surfaces  tnniotl 
outwards.  Lastly,  the  main  petiole  rises  at  night,  but  with 
leaves  of  different  ages  to  very  different  degrees,  namely,  snn;o 
lose  through  an  angle  of  only  12'^.  and  others  as  much  as  4P. 

Ca-'sia  raHiauttta.—ThG  leaves  bear  a  large  number  of  leaflets, 
wliich  move  at  night  in  nearly  the  eame  manner  as  just 
described;  but  the  jietiolos  apparently  do  not  rise,  and  one 
which  was  carefuDy  observed  certainly  fell  3^ 

Qusia  pube»ceiis.  —  The  chief  difference  in  the  oyctiiropic 

Fig.  155. 


S^,^ 


Obtffi'a  fm-'jtacma:  A,  nppor  p&rt  of  pjaat  diiriog  the  dav  ;  B,  »tn«  p'jot 
it  eight.      FigUrtB  reduced  from  photograph k. 

movements  of  this  species,  compared  with  those  of  the  former 
«pecjc6,  consists  in  the  leaflets  not  rotating  nearly  so  much ; 
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therefore  their  lower  stirfftces  face  bat  little  outwards  at  night 
The  petioles,  which  during  the  day  are  iuclinetl  only  a  little 
above  the  horizon.,  rise  at  uight  in  a  remarkable  manner,  and 
Btaad  noti-Iy  or  quite  vertically.  Tiiia,  together  with  the 
dependent  position  of  the  leaflets,  makes  the  wliolo  plant  won- 
derfully compact  at  night.  In  the  two  foregoing  figures,  copied 
from  photographs,  the  same  plant  is  represented  awake  and 
asleep  (Fig.  155),  and  we  see  how  different  is  its  appearance. 

Cassia  7rti>n(^s«/i(^s.— At  night  the  nnmerous  leaflets  on  each 
leaf  rotate  on  their  axes,  and  their  tips  move  towards  the  fti>ex 
of  the  leaf;  they  thus  become  imbricated  with  their  lower 
fiurfacea  directed  upwards,  anil  with  thoir  midribs  almost 
parallel  to  the  petiole.  Consequently,  this  species  differs  from 
all  the  others  seen  by  us,  with  the  exception  of  the  following 
one,  in  the  leaflets  not  sinking  down  at  night.  A  petiole,  tho 
movement  of  which  was  measured,  rose  8°  at  night. 

Cassia  Barclayana. — The  leaflets  of  this  Australian  species  are 
numeroup,  very  narrow,  and  almost  linear.  At  night  they  rise  up 
a  little,  and  also  move  towards  the  apex  of  the  leaf.  For  instance, 
two  oi)posilo  leaflets  which  diverged  from  one  another  during 
the  day  at  an  angle  of  104°,  diverged  at  night  only  72'';  so  that 
each  had  risen  le""  above  its  diomal  position.  The  petiole  of  a 
youug  leaf  rose  at  night  34°,  and  that  of  an  older  leaf  19°. 
Owing  to  tho  elight  movement  of  the  leaflets  and  iho  consider- 
able movement  of  tho  potiole,  the  bush  presenta  a  different 
Bpptaranco  at  night  to  what  it  does  by  day;  yet  the  leaves  can 
hardly  be  said  to  sleep. 

The  circumnutating  movements  of  the  leaves  of  C.  faribujuia, 
enUiaittJia,  and  imhescej.s  were  observed,  each  during  three  or  four 
days ;  they  were  essentially  alike,  those  of  tlie  last-named  speciea 
being  the  simplest.  The  petiole  of  C.  Jlorilunda  was  secured  to 
a  stick  at  tho  base  of  the  two  terminal  loaftete,  and  a  filament 
was  fixed  along  the  midrib  of  one  of  them.  Its  movements  wore 
traced  from  If.u.  on  August  13th  to  8.30  a.jj.  17th;  bnt  thoas 
dnriig  the  last  2  h.  are  alone  given  in  Fig.  15C.  From  8  A^it.  Oft 
each  day  (l)y  which  hour  the  leaf  had  assumtd  its  diurnal  posi- 
tion) to  2  or  3  P.M.,  it  cither  zigzagged  or  circumnntated  over 
nearly  the  same  small  space ;  at  between  2  and  3  P.M.  the  great 
evening  fall  commenced.  The  lines  representing  this  fall  and 
the  early  morning  rise  are  oblique,  owing  to  the  peculiar  manner 
in  wlijch  tho  leaflets  sleep,  as  already  described.  After  the 
leaflet  was  asleep  at  6  p.v.,  and  whilst  the  glass  filament  hung 


^ 


SLEEP  or  L£AVE& 


S7S 


A 


I  e: 


/ 


f 


perpenlicoliity  damn,  tke 
until  1030  pjl;  mad  dsnag 
ride  to  ride,  mniiilftfBe»owthM< 

ArmJ^mui  (Tribe  15>.— 
The  njctHrofienaveaaeBte 
of  foar  ^eam  wen  aHko, 
and  voe  hi^Uj  pcrwIfcT. 
A  -piuit  niaed  from  aead 
seat  US  from  Soath  Bmll 
by  Frits  UaDer.  wm  man 
especially  observed,  Tte 
kavee  u«  buge  and  deeply 
ih'icbed  &t  their  ends.  At 
night  the  two  hftlree  rise 
np  and  cIogo  completely 
together,  like  the  opposite 
leaflets  of  many  Le^nmi- 
Done.  With  rery  yoimg 
plants  ibe  petioles  rise  oon- 
ddcrably  at  the  same  time; 
one,  which  vas  inclined  at 
noon  45°  above  the  hori- 
zon, at  night  stood  at  75*^; 
it  thtw  rose  W;  another 
rose  34°.  Whihrt  the  two 
halves  of  the  leaf  are  closing, 
the  loidrib  at  first  sinks 
Tertically  do\mwards  and 
oftorwards  bonds  bock- 
wanls,  eo  aa  to  paes  close 
along  one  side  of  its  own 
njiwardly  inclined  petiole; 
the  midrib  being  thus  di- 
rected towards  the  stem  or 
axisof  the  plant  The  angle 
which  the  noidrib  formed 
with  the  horizon  was  meo- 
Borod  in  one  case  at  dif- 
ferent hours:  at  noon  it  stood  horizontally;  late  in  the  even- 
ing it  depended  vertically;  then  rose  to  the  opposite  hide,  and 
at  10.15  P.M.  stood  at  only  27**  beneath  the  horizon,  being 
directed  towards  the  stem.    It  had  thus  travelled  through  153" 
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Owing  to  this  moveraent— to  the  leaves  being  folded — and  to 
the  petioles  rising,  tlio  whole  plant  is  as  rnncb  more  compact  at 
Eight  than  during  the  day,  aa  a  fastigiate  Lombardy  poplar  is 
compared  with  any  other  species  of  i>opUr.  It  is  remarkable 
that  when  our  plants  had  grown  a  little  older,  viz.,  to  a  height 
of  2  ot  3  feet,  the  petioles  did  not  rise  at  night,  and  the  midribs 
of  the  folded  lenvea  were  no  longer  bant  back  along  one  Bide  of 
the  petiole.  We  have  noticed  in  some  other  genera  that  the 
l»tiolcs  of  very  young  plunts  rifie  much  more  at  night  than  do 
those  of  older  plauta. 

Tamarindus  Indica  (Tribe  16).— The  leaflets  approach  or 
meet  each  other  at  night,  and  are  all  directed  towards  the  ai>ex 
of  the  leaf.  They  thns  t)ecoino  imbricated  with  their  midribs 
parallel  to  the  petiole.  The  movement  is  closely  similar  to 
that  of  Easmatoxylon  (Bce  former  Fig.  153),  but  more  striking 
from  the  greater  nnraber  of  the  leaflets. 

Adenanthera,  Prosopts,  and  Neptunia  (Tribe  20). — With  Ade~ 
nanihera  pavonia  the  leaflets  turn  edgeways  and  sink  at  night 
In  Pi'osopis  they  turn  upwards  With  Neptwiia  oUracta  the 
leaflets  on  the  opposite  sides  of  the  same  pinna  come  into 
contact  at  night  and  are  directed  forwards.  The  pinnce  them- 
selves move  downwards,  and  at  the  same  time  backwards  or 
towards  the  stem  of  the  plant    The  main  petiole  rises. 

Mimosa  pudka  (Tribe  20). — This  plant  has  been  the  subject  of 
innumerable  obeervalioaa;  but  there  are  some  points  in  rela- 
tion to  our  subject  wliich  have  not  been  sufliciently  attended 
to.  At  night,  as  is  well  known,  the  opposite  leaflets  come  into 
contact  and  point  towards  the  apex  of  the  leaf;  they  thus  be- 
come neatly  imbricated  with  their  upper  surfaces  protected.  The 
four  pinncB  also  approach  each  other  closely,  and  the  whole  leaf 
is  thus  rendered  very  compact.  The  main  petiole  sinkfi  down- 
wards during  the  day  till  late  in  the  evening,  and  rises  until 
very  early  in  the  morning.  The  stem  is  continually  circumnu- 
tating  at  a  rapid  rale,  tliough  not  to  a  wide  extent  Some  very 
young  plants,  kept  in  darkness,  were  observed  during  two  days, 
and  although  subjected  to  a  rather  low  temperature  of  57°— 59*F., 
the  stem  of  one  deserihcd  four  small  ellipses  in  the  course  oi 
12  h.  We  shall  immediately  see  that  tlie  main  ))etiolo  is  like- 
wise continually  circumnutating,  as  is  each  separate  pinna  and 
each  separate  leaflet.  Therefore,  if  the  movement  of  the  apex 
of  any  one  leaflet  were  to  be  traced,  the  course  describod  would 
be  compounded  of  the  moToments  of  four  separate  porta. 
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A  filament  had  been  fixed  on  the  previons  evoijng,  longi- 
ladisally  to  the  main  potiolo  ot  a  nearly  full-growu,  highlj- 
senaitive  leaf  (fonr  inches  in  length),  the  8t«m  haTJD^  bceu 
secured  to  a  stick  &t  its  base ;  and  a  tracing  was  modo  on  a 
vortical  glass  in  the  hot-house  under  a  high  temperature.  Ij} 
tlio  figure  giren  (Fig.  157),  the 
first  dot  was  made  at  830  A.M.  *'''•  ^*' 

August  2nd,  and  the  last  at  7 
p-M-ontlie^id.  During  12  h.  on 
the  first  day  the  petiole  moved 
thrice  downwanls  and  twice 
upwards.  Within  the  same 
length  of  time  on  the  second 
day,  it  moved  five  times  duwu- 
wards  and  four  times  upwards. 
As  the  ascending  and  descend- 
ing lines  do  not  coincide,  the 
petiole  manifestly  circumnu- 
tates ;  the  great  evening  &lU 
and  nocturnal  rise  being  an 
exaggeration  of  one  of  the  clr- 
cumnutations.  It  should,  how- 
ever, be  observed  that  the  pe- 
tiole fell  much  lower  down  in 
the  evenings  than  could  be 
seen  on  the  vortical  glass  or  is 
represented  in  the  diagram. 
After  7  p-m.  on  the  3rd  (when 
the  last  dot  in  Fig.  157  was 
made)  the  pot  was  carried  into 
a  bed-room,  and  the  petiole  was 
found  at  12.50  a.m.  (i.e.  after 
midnight)  standing  almost  up- 
right, and  much  more  highly 
inclined  than  it  was  at  10.40 
P.M.  VHicn  observed  again  at 
4  A.M.  it  hod  begun  to  fall,  and 
continued  falling  till  6.15  km,, 
after  which  hour  it  zigzoggod  and  again  circumnutatcd.  Snuilar 
observations  were  made  on  another  petiole,  with  neai-ly  the 
same  re.suU. 

On  tit'o  other  r>c^:asions  the  movement  of  the  main  petiole 
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was  observed  every  two  or  three  minutcBj  the  plants  being  kepi 
at  a  luther  high  temperaturo,  viz.,  on  the  first  occasion  at 
77°— 81°  F.,  and  tho  filaiacnt  then  described  *M  ellipses  in  69  lu. 
On  the  second  occasion,  when  the  temperature  waa  81° — 86°  F., 
it  made  rather  rnoro  than  3  ellipses  in  67  m.  Therefore, 
Fig.  157,  thougli  now  Bufficiently  complex,  would  Imve  been  in- 
comparably more  so,  if  dots  4iad  lieeii  made  on  tlie  glass  every 
2  or  3  minntes,  instead  of  every  hour  or  half-hour.  Although 
the  main  petiole  is  continually  and  rapidly  describing  small 
olhpsos  during  the  day,  yet  after  tho  great  nocturnal  rising 
movement  has  commenced,  if  dots  are  made  every  2  or  3 
minutes,  aa  was  done  for  an  hour  between  y.30  and  10.30  p  m. 
(temp.  84"^  F.),  and  tho  dots  are  then  joined,  an  ahuoet  alwo- 
lutely  straight  line  is  tho  rosiilt. 

To  show  that  the  movement  of  the  petiole  is  in  all  prol>a- 
bility  due  to  the  vailing  turgescence  of  the  pvilvinua,  and  not 
to  growth  (in  accordance  with  the  conclusions  of  Ffeffcr),  a  very 
old  Icafj  with  some  of  its  leaflota  yellowish  and  hardly  at  all 
seDsitiTO,  was  solected  for  obgervation,  and  tho  plant  was  kept 
at  the  highly  favourable  temp,  of  80'^  F.  The  petiole  fell  from 
8  a.m.  till  10.15  A.M.,  it  then  rose  a  little  in  a  somewhat  zigzag 
liae,  ofleu  remaining  Btationary,  till  5  p.m.,  when  the  great 
evening  fall  couuuenccd,  which  was  cominued  till  at  least 
10  P.M.  By  7  A.H.  on  the  following  moi-niag  it  had  rieen  to  the 
same  level  as  on  the  previous  morning,  and  then  descended  in 
a  zigzag  line.  But  from  10.30  aji.  till  4.15  p.m.  it  remained 
almost  motionless,  all  power  of  movement  being  now  lost  The 
petiole,  therefore,  of  this  very  old  loaf,  which  must  have  long 
ceased  growing,  moved  periodically ;  but  instotid  of  circum- 
nntatiug  several  times  during  the  day,  it  moved  only  twice 
down  and  twi^o  up  in  tho  course  of  24  h.,  with  the  ascending 
and  descending  linos  not  coincident. 

It  has  already  Iwon  stated  that  the  pinum  move  independently 
of  tho  main  ixjtiolo.  The  petiole  of  a  leaf  waa  fixed  to  a  cork 
support,  close  to  tho  iHiiut  whence  the  four  pinnte  diverge,  with 
a  short  tins  fUameut  cemented  lougitudiually  to  one  of  the  two 
tei'minal  pinnae,  and  a  graduated  semicircle  was  placed  close 
beneath  it  By  lookiug  vertically  down,  its  ongnlar  or  lateral 
movometita  could  bo  measured  with  accuracy.  Between  noon 
and  4.15  r  m.  the  pinna  changed  its  position  to  one  side  by  only 
7°;  but  not  continuously  in  the  same  direction,  as  it  moved 
four  times  to  one  side,  and  three  times  to  the  opposite  side. 
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in  one  instanco  to  the  extent  of  16°.  This  pinua,  therefoie, 
cixx^amnutated.  Later  in  the  evening  Uie  fuur  pinuie  approach 
each  other,  and  the  one  which  wae  obtjerved  moved  inwards 
Cy  between  noon  and  6.45  p.h.  Ten  observations  were  made 
in  the  eourse  of  2  h.  20  m.  (at  average  intervftia  of  14  m.)i 
between  4.25  and  6-45  p.m.  ;  and  there  was  now,  when  the  leal 
was  going  to  fiJeep,  no  Bwaying  from  sido  to  side,  but  a  siea^ly 
inward  movement.  Here  therefore  there  is  in  the  evening  the 
fiame  conversion  of  a  circumnutatiiig  into  a  steady  movement 
iu  one  direction,  as  in  the  case  of  the  main  petiole. 

It  has  also  been  stated  that  each  separate  leaflet  circum- 
nntatcs.  A  pinna  was  cemented  with  Bhell&c  on  the  summit  of 
a  little  stii?k  driven  firmly  into  the  ground,  immediately  beneath 
a  pair  of  leaflets,  to  the  midribs  of  both  of  which  excessively 
fine  glass  tiluments  were  attaohcd.  This  ti-eatment  did  not 
ii^ure  the  leaflets,  for  they  went  to  sleep  in  the  nsnal  manner, 
and  long  retained  their  sensitiveness.  The  movement*  of  one 
of  them  were  traced  during  19  h.,  as  shown  in  Fig.  158.  On  the 
first  day  the  leaflet  sank  down  till  11.30  a.m.,  and  then  rose 
till  late  in  the  evening  in  a  zigz.ag  lino,  indicating  circum- 
nutstion.  On  the  EMCond  day,  when  more  accuBtomed  to  its 
new  slate,  it  oscillated  twice  up  and  twice  down  during  the 
24  h.  This  plant  was  subjected  to  a  rather  low  temperature, 
viz.,  62° — &4°  F. ;  had  it  been  kept  warmer,  no  doubt  the  move- 
ments of  the  leaflet  would  have  been  much  more  rapid  and 
complicated.  It  may  he  seen  in  the  diagram  that  the  Eiscending 
and  deeceudiDg  lines  do  not  coincide;  but  the  large  amount  of 
lateral  movement  in  the  evening  is  the  result  of  the  leaflets 
bending  towards  the  apex  of  the  leaf  when  going  to  sleep. 
Another  leaflet  was  casually  observed,  and  found  to  be  cx>n- 
tinnally  circumnuiatiug  during  the  same  length  of  time. 

The  circumnutation  of  the  leaves  is  not  desti'oyed  by  their 
being  subjected  to  moderately  long  continued  darkness;  but  the 
proper  periodicity  of  their  movements  is  lost.  Some  very  young 
seedlings  were  kept  during  two  days  in  the  dark  (temp.  57** — 59° 
F.),  except  when  tUo  circumnutation  of  tlieir  stoma  was  occa- 
sionally observed;  and  on  the  evening  of  the  second  day  tho 
leaflets  did  not  fully  and  properly  go  to  sleep.  The  pot  was 
then  placed  for  three  days  in  a  dark  cup1x]ard,  under  nearly  tho 
same  temperature,  and  at  the  close  of  tliis  perioJ  tho  leaflet* 
showed  no  signs  of  sleeping,  and  were  only  slightly  sensitive  to 
a  touch.    Ou  the  following  day  the  stem  was  cemented  to  a 
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although  the  proper  order  of  their  moTcmcnts  in  relation  to  the 
day  and  night  was  wholtj  lost.  Thus,  ono  leaf  descended  during 
the  fiTBt  two  nighta  (i.e.  between  10  p.m.  and  7  a.m.  next  morn- 
ing) instead  of  ascending,  and  on  the  third  night  it  moved 
chiefly  in  a  lateral  direction.  The  Bccond  loaf  bcharcd  in  an 
eqnally  abnormal  nunncr,  moving  Jatcraiiy  during  the  first 
night,  descending  greatly  during  the  second,  and  ascending  to 
an  nnusnal  height  during  the  third  night 

With  plants  kept  at  a  high  temperature  and  exposed  to  the 
light,  the  moat  rapid  circumnutating  moyement  of  the  apex 
of  a  leaf  which  was  observed,  amounted  to  -^  of  on  inch  in 
one  second;  and  this  would  have  equalled  ^  of  an  inch  in  a 
minnte,  had  not  the  leaf  occasionally  stood  still.  The  actual 
distance  travelled  by  the  apex  (as  ascertained  by  a  measure 
placed  close  to  the  leaf)  was  on  one  occasion  nearly  ^  of  an  inch 
in  a  vertical  direction  in  15  m. ;  and  on  another  occasion  g  of  an 
inch  in  60  m. ;  but  there  was  also  some  lateral  movement 

Uimosa  aihida.* — The  leaves  of  this  plant,  one  of  wliich  is  here 
figured  (Pig.  159)  reduced  to  |  of  the  natural  size,  present  Som« 

Fig.  159. 


JfimoM  albida:  Iiaf  t«en  from  rvrtioaFlj  iilmTt. 

fnttresting  peculiarities.  It  consists  of  a  long  petiole  bearing 
only  two  piunee  (here  represented  as  mtbcr  more  divei^ent 
than  is  usual),  each  with  two  pairs  of  leaflets.    But  the  inner 
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380 


MODIFIKD  CIECUMNtlTATrON. 


Chap.  VIL 


basal  leaflets  are  greatly  reduced  in  size,  owing  probably  lo  the 
want  of  space  for  their  full  development,  so  that  they  may  be 
considered  as  almont  rudimentary.  They  vary  somewhat  in 
size,  and  both  occaaionally  disappear,  or  only  one.  Neverthe- 
leBS,  they  are  not  in  the  least  rudimentary  in  function,  for  thoy 
are  sensitive,  extremely  heliotropic,  cixcnmnutato  at  nearly  the 
Bome  rate  as  tho  fully  developed  leaflets,  and  assume  when 
asleep  exacUy  the  same  position.  With  M.  jnidica  the  inner 
letiflotfi  at  the  base  and  between  the  pinnro  are  likewiBo  much 
Bhortened  and  obliquely  truncated;  tiiia  fact  was  well  seen  in 
some  seedlings  of  -V.  puika,  in  which  the  third  leaf  aboTo  the 
cotyledons  bore  only  two  pinnro,  each  with  only  3  or  4  pairs  of 
leaflets,  of  which  the  inner  hasal  one  was  less  than  half  as  long 
as  its  fellow;  so  that  the  whole  leaf  resembled  pretty  closely 
that  of  M.  albida.  In  this  latter  species  the  main  petiole  termi- 
nates in  a  little  point,  and  on  each  side  of  this  there  is  a  jmir 
of  minute,  fliittened,  lancet- shaped  projections,  hairy  on  their 
margins,  which  drop  off  and  disappear  soon  after  the  leaf  is 
fully  developed.  There  can  Imrdly  he  a  doubt  that  these  little 
]irojec.tions  are  the  last  and  fugacious  representatives  of  an 
additional  pair  of  leaflets  to  each  pinna;  for  the  outer  one  is 
twice  as  broad  aa  the  inner  one,  and  a  little  longer,  viz.  yjg  of  an 
inch,  whilst  the  inner  one  is  only  J^  long.  Now  if  the  basal 
pair  of  leaflets  of  the  existing  leaves  were  to  become  rudimen- 
tary, we  should  expect  that  the  rudiments  would  still  exhibit 
some  trace  of  their  present  great  inequality  of  size.  Tho  con- 
clusion that  the  pinnss  of  the  parent-^form  of  M.  albida  possessed 
at  least  three  pairs  of  IcalletB,  iustuad  of,  as  at  present,  only  two, 
is  supported  by  the  structure  of  tho  first  true  leaf;  for  this 
consists  of  a  simple  petiole,  often  l>caring  three  pairs  of  leaflets. 
This  latter  fact,  aa  well  as  the  presence  of  the  rudiments,  both 
Iea.d  to  the  conclusion  that  i\f.  albida  is  descended  from  a  form 
the  leaves  of  wliich  bore  more  than  two  pairs  of  jcaflets.  The 
socoud  leaf  above  tho  cotyledons  resomblos  in  all  respects  the 
leaves  on  fully  developed  plants. 

AVlien  tho  leaves  go  to  sleep,  each  leaflet  twista  half  ro^ind, 
so  as  to  profiottt  its  edge  to  the  zenith,  and  comes  into  close 
contact  with  its  fellow.  The  pinnte  also  approach  each  other 
closely,  BO  that  the  four  terminal  leaflets  come  together.  The 
large  basal  leaflets  (with  the  little  rudimentary  ones  in  contact 
with  them)  move  inwarris  and  forwards,  so  as  to  cmbraco  the 
outside  of  the  united  terminal  leaflets,  and  thus  all  eight  leaflet* 
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(the  nuliiDeiiUry  ones  incladed)  form  together  a  single  TCiticA] 
packet  Xbe  two  pinoK  at  the  nuoc  time  that  the;  approach 
each  other  (jink  downward^  and  thus  instead  of  extending  hori- 
eoQtally  in  the  same  line  with  the  main  petiole,  as  daring  the 
daj,  thuy  depend  at  night  at  aboat  45°,  or  ercn  at  a  greater 
angle,  beneath  the  horizon.  The  moTcment  of  the  main  petiole 
seems  to  be  Tariable ;  wo  baTe  seen  it  in  the  evening  2/"  lower 
thflo  during  the  day ;  bat  sometimes  in  nearly  the  siime  position. 
Nevertheless,  a  sinking  raoTemcnt  in  tbe  evening  and  a  rising 
ono  daring  the  night  is  probobty  the  normal  course^  for  this 
was  well-marked  in  the  pi-tiole  of  the  first-formed  true  leaf. 

The  circumnatation  of  the  main  petiole  of  a  young  leaf  was 
traced  daring  21  days,  and  was  considerable  in  extent,  bnt  less 
complex  th&n  that  of  Al.  pudica.  The  movement  was  much 
more  lateral  than  is  usual  with  circnmnatating  leaves,  and  this 
was  the  sole  peculiarity  which  it  preseiitetl.  The  apex  of 
one  of  the  terminal  leaflets  was  seen  under  tlic  microscope  to 
travel  ^  of  an  inch  in  3  minutes. 

Mimn$'t  marginata.—^\o  opposite  K**flel>>  rise  up  and  approach 
each  other  at  night,  but  do  not  como  into  close  contact,  except  in 
the  caso  of  very  yotmg  leaflets  on  vigorous  shoots.  Full-grown 
leaflets  circumnutate  during  tbe  day  slowly  and  on  a  snmll  scale. 

Schraiikia  lUiCiuata  (Tribe  20). — A  leaf  consists  of  two  or  three 
pairs  of  {nnnai,  each  bearing  many  small  leaflets.  These,  when 
the  plant  is  asleep,  are  directed  forwards  and  b^-ome  imbricuted. 
The  angle  between  the  two  terminal  pinnie  was  diminished  at 
Dight,  in  one  case  by  15° ;  and  they  sank  almost  vertioally  down- 
wards. Tlie  hinduT  pairs  of  pinnjB  likewise  sink  downwards, 
but  do  not  convorge,  that  is,  move  towards  the  apex  of  the  leaf. 
The  main  petiole  does  not  become  depressed,  at  least  during  tlie 
evening.  In  this  hitter  rfs^xjct,  as  well  as  in  the  sinking  of  the 
liunee,  there  is  a  marked,  difference  between  the  nyctitropic 
movements  of  the  present  plmit  and  of  Mimosa  pudica.  It 
should,  however,  be  added  that  our  specimen  was  not  in  a  very 
vigorous  condition.  The  piuuffi  of  i:ichrankia  aculeafa  also  sink 
at  night 

Jeacia  Farnvaiann  (Tribe  22). — Tbe  different  appearance  pre- 
sented by  a  bush  of  this  plant  when  asleep  and  awake  is  won- 
derful. Tbe  t^ame  leaf  in  the  two  states  is  shown  in  tbofollowing 
figure  CFig.  160V  The  leaflets  move  towards  Iho  apex  of  the 
pinna  and  become  imbricated,  and  the  pinna}  then  look  like  bits 
of  dangling  string.    The  following  i-emarka  and  measurement* 
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do  not  fully  apply  to  the  fimftll  leaf  here  figured.  The  pinnn 
movfi  forwarrla  and  at  the  Bame  time  fijnk  dawnwanis,  whilst 
the  (tiain  petiolo  ristis  coneiJenilply.  With  rt'spect  to  the  degree 
of  movemeut:  the  two  termitial  piima3  of  one  Bpccimon  formed 
togetJicr  an  angle  of  100*^  during  the  duy,  and  at  night  of  only 
88°,  so  each  had  moved  31°  forwards.  The  pennltimate  pinna 
during  the  day  formed  together  an  angle  of  IbO",  that  is,  they 
stood  iu  a  straight  line  opposite  one  another,  and  at  night  each 
had  moved  65°  forwards.    The  basal  pair  of  pinna  were  directed 

Fie- 160. 


A.  B. 

Ac^'cia  Farnctiana.  A,  Ic-if  during  the  i!;ij  -  B,  the  ^ame  leaf  al  alghl. 

during  the  day,  each  about  2P  bBckwardK,  and  at  night  38* 
foi  wards,  so  each  hod  moved  59°  forwards.  But  the  pinnas  at 
the  same  time  sink  greatly,  and  sometimes  hang  almost  perpen- 
dicularly downwards.  The  main  |>etiulo,  on  the  other  hand, 
nses  much :  by  8.30  p.m.  one  stood  34°  higher  than  at  noon, 
and  by  6.iO  a.m.  on  the  following  morning  it  was  still  higher 
by  10'';  shortly  nft«r  this  hour  the  diurnal  sinking  mov»-^ 
ment  comraencod.  The  course  of  a  nearly  full-grown  leaf  waf 
tract^d  during  14  h  ;  it  was  strongly  zigzag;,  and  apparontlj 
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repi-esented    five   ellipsea,  with  their  longer  nxoa   differently 
directed. 

Afbizzia  Japhantha  (Tribe 23). — The  leaflets  at  night  come  into 
contact  with  one  another,  and  are  directed  towards  tho  apex  of 
the  pinna.  The  pinuCB  approach  one  auotker,  but  retQaiu  in  the 
same  plane  as  during  the  day ;  and  in  this  respect  tJiey  diflfor 
much  from  those  of  the  above  Schrankia  and  Acacia.  The  main 
petiole  rises  but  little.  The  first-formed  leaf  above  the  coty- 
ledons bore  11  leaflets  on  each  side,  and  these  slept  like  those 
on  the  subsequently  formed  leaves ;  bitt  the  petiole  of  this  first 
leaf  was  cnrvcd  downwards  during  the  day  and  at  night 
straightened  itself,  ro  that  the  chord  of  its  arc  then  stood  16" 
higher  than  in  the  day-time. 

Afdaleuca  ericcs/oHa  (Mjrtacese). — According  to  Boucb6  ('  Bot. 
Zeit.,'  187*t,  p.  359)  the  leaves  sleep  at  night,  in  nearly  the  same 
TDonner  as  those  of  certain  species  of  Pinielia. 

CEnoihtra  moUissima  (On agrariece).— According  to  LiunffiUB 
(*  SomnuB  Plantanmi '),  the  leaTes  rise  up  vertically  at  night. 

I'assijiora  grariUs  {V&n^&oraae^—The  young  leaves  sleep  by 
their  blades  hanging  vertically  downwards,  and  the  whole  length 
of  the  petiole  then  becomes  somewhat  curved  downwards. 
Eitcmallj  no  trace  of  a  pulvimis  can  be  seen.  The  petiole  of 
the  uppcrniOBt  leaf  on  a  young  shoot  stood  at  10.45  a.m.  at  33° 
above  the  horizon;  and  at  10.30  p.m.,  when  the  blade  was  verti- 
cally dependent,  at  only  15**,  so  the  petiole  hod  fallen  18".  That 
of  the  next  older  leaf  fell  only  7**.  From  some  unknown  cause 
the  leaves  do  not  always  sleep  properly.  The  stem  of  a  plant, 
which  had  stood  for  some  time  before  a  north-east  window,  was 
secured  to  a  stick  at  the  base  of  a  yonng  leaf,  the  blade  of 
which  was  inclined  at  40*  below  tho  horizon.  From  its  position 
the  leaf  had  to  be  viewed  obliquely,  consequently  the  vertically 
ascending  and  descending  movements  appeared  when  traced 
oblique.  On  the  first  day  (Oct.  12th)  the  leaf  descendi;d  in  a 
zigzag  line  luitil  late  in  the  evening;  and  by  8.15  a.m.  on  the 
13th  had  risen  to  nearly  the  same  level  as  on  tho  previous 
morning.  A  new  tracing  was  now  begun  (Fig.  161).  The 
leaf  continued  to  rise  until  8.50  a.m.,  then  moved  a  little  to  the 
right,  and  afterwards  descended.  Between  11  a.m.  and  5  P.w.  it 
circnnmutated,  and  after  the  latter  hour  the  great  nootumal 
&U  commenced.  At  7.15  p.m.  it  depended  vertically.  Tho 
dotted  line  ought  to  have  been  prolonged  much  lower  down  in 
the  figure.    Bj  6.50  A.M.  on  the  following  morning  (14th)  the 
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loaf  had  rison  greatly,  and  continued  to  riso  till  7.50  a.m.,  nftei 
wliich  hour  it  redoscended.  It  should  be  observed  that  the  Uiiefi 
traced  on  this  secoud  itioming  would  have  coincided  with  and 
confused  those  previously  traced,  Imd  not  the  pot  been  slidcd 
a  very  Utfcle  to  the  left.  In  the  evening  (14th)  a  mark  was 
placed  behind  the  filament  attached  to  the  apex  of  the  leaf,  and 
its  movement  was  carefully  traced  from  5  p.m.  to  10.15  pjl 

Fig.  IfJl. 


\ 


PaU'Jtora  gracilis:  drcumDUtetion  aud  ayrtitroptc  mDrement  of  '.oaf 
tincpd  DC  vertical  glass,  from  8-20  A.M.  Oct.  VSth  to  10  AJl.  Ulh 
Ktgorc  reduced  to  two-lhinls  of  original  scaln. 

BbtTv'een  5  and  7.15  p.m.  the  leaf  descended  in  n  straight  line, 
and  at  the  latter  hour  it  appeared  vertically  dependent.  But 
between  7-15  and  10.15  p.m.  the  lino  consisted  of  a  succession 
of  steps,  the  cause  of  which  we  conld  not  understand ;  it  was, 
however,  manifest  that  the  movement  was  no  longer  a  simple 
descending  one. 

Sifgesftecfcia  oricntalta  (Corapoeitffi). — Some  seedlings  were 
raised  in  the  middle  of  winter  and  kept  in  the  hot-houBC;  Ihej 
flowcTod,  but  <lid  not  prow  well,  and  their  leaves  never  showed 
auy  signs  of  sleep.  The  leaves  on  other  seedlings  raised  in  May 
were  horizontal  at  noon  (June  22nd),  and  depended  at  a  oonai' 
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deml>Ie  angle  beneath  the  horizon  at  10  p.m.  In  tho  case  of  font 
yomigisb  leaves,  which  were  from  2  to  21-  inohca  in  length, 
these  angles  were  found  to  bo  5(r,  5ti^  CO"*,  and  65^  At  the 
end  of  AiigTifit,  when  the  plants  had  grown  to  a  height  of  10  to  H 
iuchea,  tho  younger  loaves  were  so  much  cur>'e<l  downwards  at 
night  that  they  might  truly  be  said  to  be  aatee^    This  is  oue 

Fig.  16% 


JIficotinna  glanca :  shoots  with  leave*  eipanded  dnring  the  day,  and  ulccji 
st  ntghL     Figarci  copied  from  photogrnphs,  and  redacod. 

of  the  species  which  must  ho  well  illuminated  during  Iho  day 
in  order  to  sleep,  for  on  two  ocKasions  when  plants  wci-e  kept 
all  day  in  a  room  with  north-eiiiit  wiudows,  the  leaves  did  not 
Bleep  at  night.  The  same  cause  probably  accounts  for  tho 
leaves  on  our  seedlings  raised  in  the  dead  of  the  winter  not 
■loeping.  Professor  PfeSer  informs  ns  lliat  the  leaves  of 
another  spodes  (5.  Jorulle7tsi$  ?)  hang  vertically  down  at  night. 
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}j  om<Ba  eartJea  and jmrpurea  (Convolvulaceae),  —The  ItAveson 
very  young  pi  ants,  a  foot  or  two  ui  height,  are  depressed  at  night 

to  between  68''  and  fiC 
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beneath  the  horizon ; 
and  some  hong  qnite 
vertically  downwards. 
On  the  following  mom- 
jug  thfy  again  rise  into 
a  horizontal  position. 
The  petioles  bocome 
at  night  downwardly 
curvedj  either  throng 
their  entire  length  or  in 
the  nppor  part  alone; 
and  this  apparently 
causes  tlie  depression 
of  the  blade.  It  ecems 
newssary  that  the 
le^ives  should  be  well 
illuminated  daring  the 
day  in  order  to  sleep, 
for  those  which  stood 
on  the  back  of  a  plant 
before  a  north-east 
window  did  not  sleep. 

Nicotiana  labacum 
(Tar.  Virginian)  and 
^auca  (Solanete).— The 
young  leaTcs  of  both 
these  species  sleep  by 
bendinh  vertically  up- 
warda.  Figures  of  two 
shoots  of  N,  glaua^ 
awakc!  and  asleep  (Fig. 
16'2),  are  piven  on  p 
dB5  :  one  of  the  shoots, 
from  which  the  photo- 
graphs were  taken,  was 
accidentally  bent  to  one 
side. 

At  the  base  of  the  petiole  of  Pf.  iahacum,  on  the  onfdde^  there 
U  a  mass  of  cells,  which  are  rather  smaller  than  elsewhere,  and 
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JTiMtiima  ttxhacum:  circnmnDtationandnye- 
tltropic  niftvement  of  il  leaf  (^3  inchea  in 
lagth),  traced  on  a  venicjil  glsss,  from 
S  P.H.  July  I  Oth  to  3.10  A.M.  1 3th.  Ajwx 
of  leaf  4  icohcs  from  glass.  Temp.  17J*^» 
18^°  C.  FiguM  reduced  to  one-half 
original  scale. 
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Uave  their  longer  axes  diflFerently  directed  from  the  oelte  of  the 
piirenchyraa,  and  may  therefore  he  considcrod  as  forming  a  Bort 
of  pulvinus.  A  young  plant  of  A*,  tabacum  was  selected,  and 
the  circTimnutalion  of  tho  fifth  leaf  above  the  cotyledons  was 
obsorvEd  during  threu  days.  On  the  first  morning  (July  10th) 
the  leaf  fell  from  9  to  10  a.h.,  which  is  its  normal  course,  but 
rose  during  the  remainder  of  the  day;  and  this  no  doubt  wan 
due  to  its  being  illuminatGd  oxclosivoly  from  alioTc;  for  properly 
the  eTcning  rise  docs  not  commence  until  3  or  4  p.m.  Iu  the 
fi^ire  as  given  on  p.  386  (Fig.  1G3)  the  first  liot  was  ratwie  at 
S  P.ia. ;  and  the  tracing  was  continued  for  the  following  Go  h. 
When  the  leaf  pointed  to  the  dot  next  above  that  markej  3  p.m. 
it  stood  horizontally.  The  tracing  is  remarkable  only  from  its 
fiimplicity  and  the  Btraightuess  of  the  lines.  The  leaf  each  day 
desoribed  a  single  great  ellipse;  for  it  should  be  observed  that 
the  ascending  and  descending  lines  do  not  coincide.  On  the 
evening  of  the  11th  the  leaf  did  not  descend  quite  so  low  as 
UBual^and  itnow  zigzagged  alittle.  The  diurnal  sinking  move- 
ment had  already  commenced  each  morning  by  7  a.m.  The  broken 
lines  at  tbe  top  of  the  figure,  representing  the  nocturnal  vertical 
position  of  the  leaf,  ought  to  bo  prolonged  much  higher  up. 

Mirahifi.%  longifi'jra  and  jalapa  (Nyctagineffi),— The  first  pair 
of  leaves  above  the  cotyledons,  produced  by  seedlings  of  both 
these  species,  were  considerably  divergent  during  the  day,  and 
Bt  night  stood  up  vertically  in  close  contact  with  one  another. 
The  two  uppcrleavoson  an  olderseedling  were  almost  horizontal 
by  day,  and  at  night  stooi  up  vertically,  but  were  not  in  close 
contact,  owing  to  the  resistance  oEfered  by  the  central  tmd. 

Fofij^fmum  aviculart  (Polygoueffi).— Professor  Batalin  informs 
us  that  the  young  leaves  rise  up  vertically  at  night.  This  is 
likewise  tho  case,  according  to  Linnmus,  with  several  species 
of  AmarauihuR  (Amarnnthaceffl);  and  woobserved  asleep  move- 
ment of  this  kind  iu  oue  member  of  the  genus.  Again,  with 
Chenopodium  album  (ChenoixtdicEe),  the  upper  young  leaves  ol 
aome  seedlings,  about  4  inchoa  in  height,  were  horizontal  or 
But>-horizontal  during  the  day,  and  at  10  r.M.  on  March  7th 
were  qnite,  or  almost  quite,  vei'ttcal.  Other  seedlings  raised  in 
tlie  greenbouse  during  the  winter  (Jan.  28th)  were  observed  day 
and  night,  and  no  difference  could  be  perceived  in  tho  position 
of  their  leaves.  According  to  Bouch^  ('  IJot  Zeitnng,'  1874, 
p.  359,;  the  leaves  of  Pimt-Ua  Hrwida  and  ^pectabiU$  (Thymelefe) 
sleep  at  night. 
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Euphorhiu  jacguihUjeJlQra  (Eupliorbiaceffi).  —  Mr.  Ljuoh 
called  our  atteution  to  the  fact  that  the  young  loaves  of  this 
plant  Bleep  by  depending  vertically.  The  third  leaf  from  tht^ 
Bnmmit  (March  lltli)  was  ineh'ne*:!  during  the  day  30°  beneath 
the  horizon,  and  at  uif^ht  kung  vertically  down,  as  did  eomo  of 
the  still  younger  Iciives.  It  rose  up  to  its  former  level  on  thn 
following  morning.  The  fourth  and  fifth  leaves  from  the  summit 
Btoixl  korizQiitfllly  during  the  day,  and  sank  down  at  night  only 
38**.  The  sixth  leaf  did  not  sensibly  alter  its  position.  The 
sinking  movement  is  duo  to  the  downward  curvature  of  the 
petiole,  no  part  of  which  exhibits  any  strncturo  like  that  of 
a  pulvinus.  Early  on  the  moniing  of  June  7th  a  filament  was 
fixed  longitudinally  to  a  young  leaf  (the  third  from  the  summit, 
and  2|  inches  in  length),  and  its  movements  were  traced  on 
a  vortical  glass  during  72  h.,  the  plant  being  illuminated  from 
above  through  a  BkyligUl  Each  day  the  leaf  fell  in  a  nearly 
etraigbt  lino  from  7  a.m.  to  5  p.m.,  after  which  hour  it  was  so 
much  inclined  downwards  tlmt  the  movement  could  no  longer 
bo  traced ;  and  during  the  latter  part  of  each  night,  or  early  in 
the  morning,  the  leaf  rose.  It  therefore  ciroumuutatcd  in  a 
very  simple  manner,  making  a  single  large  ellipse  every  21  h., 
for  the  ascending  and  descending  lines  did  not  coincide.  On 
each  successive  morning  it  stood  at  a  le^s  height  than  on  the 
previous  one,  and  this  was  probably  due,  partly  to  the  increosiiig 
age  of  the  leaf,  and  partly  to  the  illumination  being  insufficient ; 
for  although  the  leaves  are  very  slightly  heliotropie,yet,  accord- 
ing to  Mr.  Lynch'e  and  our  own  observations,  their  inclination 
(luring  the  day  is  determined  by  the  intensity  of  the  light.  On 
the  third  day,  by  -which  time  the  extent  of  the  descending 
movement  had  much  decreased,  the  line  traced  was  plainly 
much  more  zigzag  than  on  any  previous  day,  and  it  appeared 
QiS  if  some  of  its  powers  of  movement  were  thus  expended.  Ak 
10  P.M.  on  Juno  7tb,  when  the  leaf  depended  vertically,  its  move- 
ments were  observed  by  a  mark  being  placed  behind  it,  and  the 
end  of  the  attached  filament  was  seen  to  oscillate  slowly  and 
blightly  from  side  to  side,  as  well  as  upwards  and  downwards. 

PhyUanihui  Siruri  (Euphorbiacese).  —  The  leaflets  of  this 
plant  sleep,  as  described  by  Pfeffer,*  in  a  remarkable  manner, 
apparently  like  those  of  Cassia,  for  they  sink  downwards  at 
night  and  twist  round,  so  that  their  lower  surfaces  ore  turned 
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outwards.    They  are  fumisked,  as  might  liave  been  expeoUxl 
from  this  complex  kiad  of  movement,  with  a  pulviuoa. 

Gymnospeums. 

J*inus  Nijrdmanniaim  (Ctinifene). — M.  Chntin  states*  that  the 
leaves,  which  are  horizontal  during  the  Jay,  rifio  up  at  night,  so 
fri  to  asaurriG  a  posilinn  almost  perpendicular  to  the  branch  from 
which  they  arise ;  wo  presiime  that  ho  here  refera  to  a  horizontal 
branch.  He  adds  :  "En  mSme  temps,  ce  moavement  d'oroction 
est  accompague'  d'un  mouvement  do  torsion  imprimc  a  la  partia 
basilaire  de  la  feuille,  et  po  ;vant  souvont  part;oiirir  un  arc  do 
90  degres."  As  the  lower  surfaces  of  the  leaves  are  white, 
whilst  the  upper  are  dai*k  green,  the  tree  presents  a  widely 
different  appearance  by  day  and  nighl.  The  leaves  on  a  small 
tree  in  a  pot  did  not  exhibit  with  ujs  any  nyctitropic  move- 
ments. We  have  seen  in  a  former  chapter  that  the  leaves  of 
Pinus pinaster  and  Austriuca  are  continually  circumnntatiug. 


Monocotyledons. 

Thalia  dtalbata  (Cannaceie).— The  leaves  of  tins  plant  sleep 
by  turning  vertically  upwards ;  they  are  furnished  with  a  well- 
dereloped  pulTimis.  It  is  the  only  instance  known  to  us  of 
a  very  large  leaf  sleeping.  The  blade  of  a  young  leaf,  which 
wag  lis  yet  only  13i  inches  in  length  and  6i  in  breadth,  formed 
at  noon  an  angle  with  its  tall  petiole  of  12L^,  and  at  night  stood 
vertically  in  a  lino  with  it,  and  so  had  risen  59''.  Tiie  actual 
diatauco  travelled  by  the  apos  (as  meiksurud  by  an  orthogoulc 
tracing)  of  another  large  leaf,  between  7.30  a.m.  and  10  p.m.,  was 
lOl  inches.  The  circumnutation  of  two  young  and  dwarfed 
leaves,  arising  amongst  the  taller  leaves  at  the  base  of  the  plant, 
wa.s  traced  on  a  vertical  glass  during  two  days.  On  the  first  day 
the  apex  of  one,  and  on  the  second  day  the  apex  of  the  other  leaf, 
de*;ribed  between  6.40  a.m.  and  4  r  M.  two  ellipses,  the  longer 
axes  of  which  were  extended  in  very  differentilirections  from  the 
linos  representing  the  great  diurnal  sinking  and  nocturnal  rising 
movement 

Maranta  arunlinarea  (Cannaecffi). — The  blacks  of  the  lenvea, 
,  ^Iiich  are  furnished  with  a  pulvinus,  stand  horizontally  durmg 

•  *Comptca  Readus,'  Jan.  1876^  P>  HI- 
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Oie  da7  or  betirecn  10°  and  30°  abore  the  horizon,  sad  at  m^d 
vertically  upw-anin.  They  therefore  rise  between  70**  and  90°  at 
night  The  phut  vas  placed  at  noon  in  the  dark  in  the  bot- 
hooaft,  and  on  the  following  day  the  moTements  of  the  leavea 
were  traced.  Between  8.40  and  10.30  a.il  they  race,  and  then 
fell  grtaily  till  1J37  p.x.  Bat  by  SrjL  they  had  again  meat  a 
little,  and  continued  to  ri»e  daring  the  rest  of  the  afternoon  and 
night ;  on  the  following  morning  they  stood  at  the  sanM  leTal  aa 
on  the  prcTioos  day.  Darkness,  therefore,  daring  a  day  and  a 
half  dc«fl  not  interfere  with  the  periodicity  of  their  movements. 
On  a  warm  bat  stormy  evening^  the  plant  whilst  being  brought 
into  the  house,  had  its  leaves  violently  shaken,  and  at  night  not 
one  went  to  sleep.  On  the  next  morning  the  plant  was  taken 
bock  to  the  h'lt-lioujie,  and  again  at  night  the  leaves  did  not 
sleep;  but  on  the  ensuing  night  they  rose  in  the  neoal  manner 
between  70^  and  80°.  This  fact  is  analt^oos  with  what  we 
have  ob«ervod  with  climbing  plants,  namely,  that  much  agitation 
checks  for  a  time  their  power  of  oircnnmutation ;  but  the  effect 
in  this  instance  was  much  more  Btrongly  marked  and  prolonged. 
Cotocasia  aniiiWTum  {Cnludium  escuhntum,  Hort)  CAroidese). 
— The  leaves  of  this  plant  sleep  by  their  blades  sinking  in  the 
evening,  bo  as  to  stand  highly  inclined,  or  even  quite  vertically 
with  their  tips  pointing  to  the  ground.  They  are  not  provided 
with  a  puIvinuH.  The  blade  of  one  stood  at  noon  1°  beneath  the 
horizon;  at4.2:) P.M., '.^iO";  at  6  p.m.,  43'* ;  at 7.20 p.m., 69°;  andat 
8.80  P.M.,  68° ;  so  it  had  now  begun  to  rise  ;  at  10.15  p.m.  it  stood 
at  65°  and  on  the  following  early  morning  at  11°  beneath  the 
horizon.  The  circum nutation  of  another  young  leaf  (with  its 
petiole  only  3^  inches,  and  the  blade  4  inches  in  length),  was 
traced  on  a  vertical  glass  during  48  h. ;  it  was  dimly  illnminaied 
through  a  eliylight,  and  tliia  seemed  to  disturb  tho  proper  perio- 
dicity of  its  movements.  Nevei'tbeless,  tho  leaf  fell  greidly 
during  both  afternoons,  till  either  7.10  pm.  or  9  r.«.,  when  it 
rose  a  little  and  movod  lat.oralIy.  By  an  early  hour  on  both 
mornings,  it  had  assumed  its  diurnal  position.  The  well-marLed 
lateral  luovemcut  for  a  short  time  in  the  early  part  of  the  night, 
was  the  only  interesting  fact  which  it  presented,  as  this  caused 
the  ascending  and  clei^cending  lines  not  to  coiacido,  in  accord- 
ance with  the  general  rule  with  circum  nutating  organs.  The 
movements  of  the  leaves  of  this  plaui  are  thus  of  tho  most 
simple  kiud;  and  the  tracing  is  not  worth  giving.  We  havo 
aeen  that  in  another  genus  of  the  Aroideoe,  namely,  Pistia,  the 
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luives  riHe  so  luuch  at  night  that  they  may  almost  be  sftid  to 
(deep. 

Strephiiim  yT/TtftonrfiiH**  (Uriraineae)  — The  oval  leaves  arc 
providod  with  a  pulvJuiiR,  and  are  exieiidod  horizontally  or 
declined  a  little  beiicaih  the  borizun  during  the  day.  Th<«o 
on  tho  upright  calms  siuipty  rise  up  vertically  at  uight,  no 
lUftt  their  tips  are  directed  towards  the  zenilh.    (Fig.  l&L) 


Strephium  fiorOnmJum :  culms  with  Ie«ve3  duriog  the  diiy,  aad  when  Jil'C). 

UoriMntally  extended  loaves  arising  from  much  inclined  or 
nlmoBt  horizontal  culmK,  move  at  night  so  that  their  tips 
point  towards  the  apex  of  the  cnlm^  ^rith  one  lateml  niarijiii 
directed  towards  the  zenith;  and  in  order  to  aRSume  this 
position  the  leaves  Imve  to  twist  on  their  own  axes  through  an 
angle  of  nearly  90°.  Thus  the  surface  of  the  blade  alwavs  stands 
vertically,  whittever  may  Iw  tlie  position  of  the  midrib  w  of  the 
hiaf  as  a  wholo. 

The  circumnatation  of  a  young  leaf  (2  3  inches  in  Iftngth)  was 
traced  during  48  h.  (Fig-  IGn).  'flie  movement  wtvs  remarkably 
simple;  the  leaf  descended  from  before  6.40  A.M.  until  a  of 
2.50  P.U.,  and  then  roee  so  as  to  stand  vertically  at  about  6p.u., 
dosoeuding  again  Iiite  in  the  night  or  in  the  very  early  morning. 


•  A.  nrnnj^iinrt  fiiBt  oliaervcd      la  Soc.  Bot  de  Fmnoc,'  bun.  ril 
tbiit  tUo  leaves  of  thi4  plant  and        I860,  ^z.  i70. 
of  Uiinilt'tt  sleep:  see  *6ulL  da 
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On  the  seconii  day  the  descending  Imc  zigzagged  slightly.     Ae 


Fig.  165. 


iflifpAtwnJtQnfmwhun:  circamnn- 
tntion  ani)  nyctitrrtiiic  nwv*in*nt 
or  n  tear,  traced  from  9  A.u.  June 
2ijlhtuS4^  A.M.  27th;  filament 
liieil  &h<n)f  tlie  miiivib.  Ai^ez  of 
Ifaf  8J  inche*  tV'^m  tho  v^rticjil 
glass ;  |ilar;t  illamianted  from 
RbftTe.    Temp.  •i31''-24p  C. 


usual,  the  ascending  and  de- 
scending linos  did  not  coinfide. 
On  another  occasion^  when  Die 
tempcraturo  TftS  a  little  higher, 
viz.,  -21'  L'£i^  0.,  a  kaf  wan 
observed  17  times  between  8.50 
A.M.  and  12.1G  p.m.  ;  it  dummjil 
its  course  hy  a»  much  ok  a 
rectangle  sis  timtjs  in  this  in- 
terval of  3  h.  2G  m.,  and  de- 
■scrihod  two  irregular  triangles 
and  a  half.  The  leaf,  thcreforu, 
on  this  occasion  circiunnutalud 
rapidly  and  in  a  cuniplex 
manner. 

ACOTYLEDONS. 

lUarsilrn  (juad>  i/vh'afa  (Mar- 
fi'ileaccffi).  -The  Rltapo  of  a  letif, 
expanded  horizontally  during 
the  day,  is  shown  at  A  (Fig  IGC). 
Each  leaflot  is  provided  with 
a  well-dLvelopeil  pulvinus. 
WLon  the  h-avea  sleep,  the  two 
terminal  leaflets  riso  up,  twist 
lialf  round  and  como  into  con* 
tact  with  one  unotbor  (B),  and 
HFU  Bfterwards  embraced  by  the 
two  lower  IcaflotH  (G);  so  that 
the  four  leafleta  with  their  lower 
surfaces  turned  outwards  form 
a  vertical  packet.  The  cur%a- 
turoof  tlie  summit  of  the  petiole 
of  the  leaf  ligured  asleep,  is 
merely  aecidenlat.  T!ie  plonV^ 
was  brought  into  a  room,  where 
tho  temperature  was  only  a  little 
atx>vc  GO"  F.,  and  the  movemeut 
of  one  of  the  leaflets  (the  petiole 
having  been  secured)  was  traced 
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dtiriug  24  b.  (Fig,  167).    The  leaf  fell  from  tho  early  morniag 
till  1.50  i>ju.,  and  then  rose  till  6  p.u.,  when  it  was  asleep.    A 

Fijc.  1116. 


b. 


0. 


MartiUa  qwidrifoOafa:  A,  leaf  during  the  day,  seen  from  rcrtiuallj-  above 
B,  leaf  bogiuatag  to  go  to  9l«eii,  s«eQ  laterally;  C,  the  same  asleep. 
Figures  reduced  to  onvlialf  of  antur»l  scide. 

vertically  dependent  gla«s  filament  wae  now  fised  tr>  one  of  the 
terminal  and  inner  loaflets  ;  and  part  of  the  tmcing  in  Fig.  167, 
an*;r  G  p.m.,  shuws  that  it  continuid  to  sink,  making  ouo  zigzag, 
until  in.40  P.M.  At  6.45  a.m.  on  tlie  following  moniing,  the  loaf 
was  awaking,  and  the  filament  pointed  above  the  vertical  glass, 

Fig.  167. 

f 


8'aO''a.m.b*^ 


JO'Jii 


3/a'»Uea-iUa€lri/i4iati:  cireuinLutAtinn  and  nyctUropIc  niDVcmeiit  of  tcuflft 
traced  uo  vertical  gliLsa,  during  acirly  34  h.  Figure  reduced  to  two- 
thirdfl  uf  origiDal  ncule.     Plnnt  kept  at  rather  too  low  a  tumperAtnri. 

but  by  8.25  a  m.  it  ocoupied  the  position  shown  in  the  figtirc 
Tho  diagram  differs  greatly  in  appearance  from  most  of  tho£G 
pntvinnsly  given;  and  this  is  due  to  the  ioaflet  twisting  &r.d 
uuviug  latemlly  as  it  approaches  and  comes  into  contact  uitli 
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rtB  fellow.  The  movement  of  another  leaflet,  wIicd  asleep, 
was  traced  between  5  P-M.  and  10.^  p.bs.,  aod  it  clearly  cir- 
oumniitated,  for  H  continued  for  two  hour;  lo  Rink,  tlicD  ro*-o, 
and  then  sauk  still  lower  than  it  was  at  6  p.h.  It  may  lit 
Boen  in  Ihc  preoeiliug  ligiiro  (167)  that  tlio  l^flet,  when  iho 
plant  was  snbjectcil  to  a  rather  low  tempetrattirc  in  the  housu 
deecendfid  and  ascended  dnring  the  middle  of  the  day  in  a 
Homuwhat  zigzag  line;  but  when  kupt  in  the  hot-house  from 
9  A.M.  to  3  P.M.  at  a  high  but  varyinp  temperature  (viz.,  between 
72° and  8o°F.)  a  leaflet  (with  the  petiole  securedj  eircumnntate^l 
rapidly,  for  it  made  three  large  vertical  ellipses  in  the  courfe  of 
the  six  honra.  According  to  Brongniart,  Marsilea  puhesans  sleeps 
like  the  present  species.  These  plants  are  the  sole  crypli^amio 
ones  known  to  sleep. 


Summary  and  Concluding  BemarJcs  on  tJie  Nyetitropia 
or  Sleep-movements  of  Leaves. — That  these  movements 
arc  in  some  manner  of  high  importance  to  the  plants 
which  exhibit  them,  few  will  dispute  who  have  ob- 
served how  complex  they  sometimes  are.  Thus  with 
Cassia,  the  leaflets  which  are  horizontal  during  the 
day  not  only  bend  at  night  vertically  downwards  with 
the  terminal  pair  directed  considerably  backwards,  but 
they  also  rotate  on  their  own  axes,  so  that  their  lower 
surfaces  are  turned  outwards.  The  terminal  leaflet 
of  Melilotus  likewise  rotates,  by  which  movement  one 
of  its  lateral  edges  is  directed  upwards,  and  at  thn 
same  time  it  moves  either  to  the  left  or  to  the  right, 
until  its  upper  surface  comes  into  contact  with  that  of 
the  lateral  leaflet  on  the  same  side,  which  has  lik^ 
wise  rotated  on  its  own  axis.  With  Araehis,  all  four 
leaflets  form  together  during  the  night  a  single 
vertical  packet;  and  to  effect  this  the  two  anterior 
leaflets  have  to  move  upwards  and  the  two  posterior 
ones  forwards,  besides  all  twisting  on  their  own  axes. 
In  the  genus  Sida  the  leaves  of  some  species  move  at 
night  through  an  angle  of  90^  upwards,  and  of  others 


Ciup.  VU-       SUMMARY  ON  BLEEP  OF  LEAVES. 


305 


through  the  same  angle  downwards.  We  have  seen  a 
similur  difference  in  the  nyctitropic  movements  of  the 
cotyledons  in  the  genus  Oxalis.  In  Lupinus,  again, 
the  leaflets  move  either  upwards  or  downwards ;  and 
in  some  species,  for  instance  L.  luteu^,  those  ou  one 
side  of  the  star-shaped  leaf  move  up,  and  those  on  the 
opposite  side  move  down  ;  the  intermediate  ones  rota- 
1  iiig  on  their  axes ;  and  by  these  varied  movements,  the 
whole  leaf  forms  at  night  a  vertical  star  instead  of  a 
horizontal  one,  as  during  the  day.  Some  leaves  and 
leaflets,  besides  moving  either  upwards  or  downwards, 
become  more  or  less  folded  at  night,  as  in  Bauhiuia 
and  in  some  species  of  Oxalis.  The  positions,  indeed, 
which  leaves  occupy  when  asleep  are  almost  infinitely 
diversified;  they  may  point  either  vertically  upwards 
or  ilownwards,  or,  in  the  case  of  leaflets,  towards  the 
apex  or  towards  the  base  of  the  leaf,  or  in  any  inter- 
mediate position.  They  often  rotate  at  least  as  much 
as  0O°  on  their  own  axes.  The  leaves  which  arise 
fruui  upright  and  from  horizontal  or  much  inclined 
branches  on  the  same  phiiit,  move  in  some  few  coses 
in  a  diflerent  manner,  as  with  Porlieria  and  Strephium. 
The  whole  appearance  of  many  plants  is  wonderfully 
ehjinged  at  night,  as  may  be  seen  with  Oxalis,  and 
still  more  plainly  with  Minios4i.  A  bush  of  Acacia 
Farncsiana  appears  at  night  as  if  a)vered  with  little 
dangling  bits  of  string  instead  of  leaves.  Excluding 
a  few  genera  not  seen  by  ourselves,  about  which  we 
If  re  in  doubt,  and  excluding  a  few  others  the  leaflets  of 
which  rotate  at  night,  and  do  not  rise  or  sink  much, 
there  are  37  genera  in  which  the  leaves  or  leaflets  rise, 
often  moving  at  the  same  time  towards  the  apex  or 
towards  the  base  of  the  leaf,  and  32  genera  in  which 
they  sink  at  night, 

movements  of  leaves,  leaflets,  and 
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pitioles  aro  effected  in  two  different  ways ;  fiistly,  by 
alternately  increased  growth  on  their  opposite  sides, 
preceded  by  incrta-sed  twrgcscence  of"  the  cells;  and 
secondly  by  means  of  a  pnlvinus  or  aggregate  of  small 
cells,  generally  destitute  of  chlorophyll,  wKich  become 
alternately  more  turgescent  on  nearly  opposite  sides; 
and  this  turgesccne©  is  not  followed  by  growth  except 
during  the  early  age  of  the  plant.  A  pnlvinus  seems 
to  be  formed  (as  formerly  shown)  by  a  gronp  of  cells 
ceasing  to  grow  at  a  very  early  age,  and  therefore  does 
not  differ  essentially  from  the  surrounding  tissues. 
The  cotyledons  of  some  species  of  Trifolium  are  pro 
vided  with  a  pnlvinua,  and  others  are  destitute  of  ono, 
and  so  it  is  with  the  leaves  in  the  genus  Sida.  We 
see  also  iu  tliis  same  genus  gradations  in  the  state  of 
the  development  of  the  pulviiius  ;  and  in  Nicotiana 
we  have  what  may  probably  be  considered  as  tho 
commencing  development  of  one.  The  nature  of  the 
movement  is  closely  similar,  whether  a  pnlvinns  is 
absent  or  present,  as  is  evident  from  many  of  the 
diagrams  given  in  this  chapter.  It  deserves  notice 
that  when  a  pulviiius  is  present,  the  ascending  and 
descending  lines  bardSy  ever  oaincide,  so  that  ellipses 
are  habitually  described  by  tho  leaves  thus  provided, 
wht'ther  they  are  young  or  so  old  as  to  have  quite 
ceased  growing.  This  fact  of  ellipses  being  described, 
shows  tliat  the  alternately  increased  turgesccnce  of 
the  cells  does  not  occur  on  exactly  opposite  sides  of  the 
pulvinua,  any  more  than  the  increased  growth  which 
causes  the  movements  of  leaves  not  furnished  with 
pulvini.  When  a  pnlvinns  is  present,  the  nyctitropic 
movements  are  continued  for  a  very  much  longer 
period  than  when  such  do  not  exist.  This  has  been 
amply  proved  in  the  caae  of  cotyledons,  and  Pfeffei 
has  given  observations  to  the  same  effect  with  respecl 
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to  leaves.  We  have  seen  tlmt  a  leaf  of  ^fillws'M 
pudica  continued  to  move  in  the  ordinarj-  manner, 
though  somewhat  more  simply,  tmtil  it  withered  and 
died.  It  may  be  added  that  some  loaflets  of  Trifdium 
pratense  were  pinned  open  during  10  days,  and  on  the 
first  evening  after  being  released  they  rose  up  and 
slept  in  the  usual  manner.  Besides  the  long  con- 
tinuance of  the  movements  when  effected  by  the  aid 
of  a  pulviuus  (and  this  appears  to  be  the  fiuiil  eause 
of  its  development),  a  twisting  movement  at  night,  as 
Pfeffer  has  remarked,  is  almost  confined  to  leaves  thus 
provided. 

It  is  a  very  general  rule  that  the  first  true  leaf, 
though  it  may  differ  somewhat  in  shape  from  tho 
leaves  on  the  mature  phmt,  yet  sleeps  like  them  ;  and 
this  occurs  quite  iudepeudeuLly  of  tJie  fact  whether  or 
not  the  cotyledons  themselves  sleep,  or  whether  they 
sleep  in  the  same  manner.  But  with  Phatteolua  Jt'ja*- 
hurghii  the  first  unifoliate  leaves  rise  at  night  almost 
sufficiently  to  be  said  to  sleep,  whilst  the  leaflets  of 
the  seeondary  trifoliate  leaves  siuk  vertieally  at  niglit. 
On  young  plants  of  Sida  rli<mihu:foliay  onlv  a  few 
inches  in  height,  the  leaves  did  not  sleep,  though  on 
rather  older  plants  tliey  rose  up  vertically  at  night. 
On  tho  other  hand,  the  leaves  on  very  young  plants  of 
Cytism  fragrans  slept  in  a  conspieuons  manner,  whilst 
on  old  and  vigorous  bushes  kepf  in  the  greenhouse, 
the  leaves  did  not  exhibit  any  i)l«iii  nyctitropic  move- 
ment. In  tho  genus  Lotus  the  basal  stipule-like 
leaflets  rise  up  yertically  at  night,  and  are  provided 
with  pulvini. 

As  already  remarked,  when  leaves  or  leaflets  change 
their  position  greatly  at  night  and  by  complicated 
movements,  it  can  hardly  be  doubted  that  these  must 
be  in  some  manner  beneficial  to  the  plant.     If  so,  wa 
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lunst  extend  the  same  conelusion  to  a  Urge  iiumbL'i  ol 
slocpiii*,'  plunts ;  for  the  most  complicated  and  thu 
simplest  nyctitropic  movements  are  connected  together 
by  the  finest  gradations.  But  owing  to  the  causes  spe- 
cified in  the  beginning  of  this  chapter,  it  is  impossible 
in  some  few  cases  to  determine  whether  or  not  certain 
movementy  should  bo  called  nyctitropic.  Generally, 
the  position  which  the  leaves  occupy  at  night  indi- 
cates with  sufficient  clearness,  that  the  benefit  thus 
derivcil,  is  the  protection  of  theii*  upper  surfaces  itom 
radiation  into  the  open  sky,  and  in  many  cases  the 
mutual  protection  of  all  the  parts  from  cold  by  their 
being  brought  into  close  apprux-imation.  It  should  be 
remembered  that  it  was  proved  in  the  last  chapter,  that 
leaves  compelled  to  remain  extended  horizontally  at 
night,,  suffered  much  more  from  radiation  than  those 
which  were  allowed  to  assume  their  normal  vertical 
piKsiticm. 

The  fact  of  the  leaves  of  several  plants  not  sleeping 
unless  they  have  been  well  illimiinated  during  the 
day,  made  us  for  a  time  doubt  whether  the  pro- 
to'Hion  of  their  upper  surfaces  from  radiatiou  was  in 
all  cases  the  final  causes  of  their  well-pronounced 
nyctitropit;  movements.  But  we  have  no  reason  to 
suppose  that  the  illuiuiuation  from  the  open  slcy, 
during  even  the  most  cluuded  day,  is  insufficient  for 
tUi.s  pnrpDse;  und  v\"e  should  bear  in  mind  that  leaves 
which  are  shaded  from  being  seated  low  down  on  the 
plaut,  aud  which  sometimes  do  not  sleep,  are  likewiad.J 
prutectud  at  night  from  full  radiation.  Nevertheless f 
we  do  not  wish  to  deny  that  there  may  exist  cases  in 
which  loaves  change  their  position  considerably  at 
night,  without  their  deriving  any  benetit  from  such 
movements. 

Although  with  sIeo[>ing   plants  the  blades  almost 
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always  as«ume  at  night  a  Tertical,  or  nearly  vertical 
|»osition,  it  is  a  {»oint  of  complete  inclifTerence  whethei 
the  apex,  or  the  base,  or  one  of  the  Interal  edges,  ia 
directed  to  the  zenith.  It  is  a  rule  of  wide  generality, 
than  wheneror  there  is  any  difference  in  the  degree  of 
(.xpoMire  to  radiation  between  the  upper  and  the  lower 
?nri'aces  of  leaves  and  leaflets.,  it  is  the  upper  which  ia 
the  least  exposed,  as  may  be  seen  in  Lotus,  Cytisus, 
Trifolium,  and  other  genera.  In  several  species  of 
I^npinus  the  leaflets  do  not,  and  apparenil)-  from 
theii  stnictnre  cannot,  place  themselves  vertically  at 
night,  and  consequently  their  upper  suffaces,  (hough 
highly  inclined,  are  more  exposed  than  the  lower;  and 
here  we  have  an  exception  to  our  rule.  But  in  other 
species  of  this  genus  the  leaflets  succeed  in  placing 
themselves  vertically ;  this,  however,  is  effected  by  a 
very  unusual  movement,  namely,  by  the  leaflets  on 
the  op|K)site  sides  of  the  same  leaf  moving  in  opposite 
directions. 

It  is  again  a  very  coniiuon  rule  that  when  leaflets 
come  into  close  contact  with  one  another,  they  do  so 
by  their  upper  surfuoes,  whicli  are  thus  ^:^e&t  protected. 
In  some  cases  this  may  be  the  direct  result  of  their 
rising  vertically ;  but  it  is  obviously  for  tlie  pro- 
tection of  the  upper  surfaces  that  the  leaflets  of 
Cassia  rotate  in  so  wonderful  a  manner  whilst  sinl^ing 
downwards ;  and  that  the  terminal  leaSet  of  Mclilotus 
rotates  and  moves  to  one  side  until  it  meets  the  lateral 
leaflet  on  the  same  side.  M^hen  opposite  leaves  or 
leaflets  sink  vertically  down  without  any  twisting, 
their  lower  surfaces  approach  each  other  and  some- 
times come  into  contact;  but  this  Js  the  direct  and 
inevitable  result  of  their  position.  With  many  species 
of  Oialis  the  lower  surfaces  of  the  adjoining  leaflets 
are  pressed  together,  and  are  thus  better  protected 
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(him  the  vippcr  surfaces;  but  this  depends  merely  on 
each  hiaHet  bc'C(jniing  foldf'd  at  uij;ht  so  as  to  be  abhi 
to  sink  vertically  duwuwUrds.  The  torsiou  or  rotation 
of  leaves  and  leaflets,  which  occurs  iu  so  many  casc^, 
apparently  always  serves  to  bring  their  upper  surfaces 
into  close  approximutiun  with  one  another,  or  with 
other  parts  of  the  phint,  for  their  mutual  protection. 
We  see  this  best  in  such  cases  as  those  of  Arachis, 
Mimosa  albida^  and  llarsilea,  in  which  till  tiie  IcaUet-s 
form  together  at  night  a  single  vertical  packet.  If 
with  Mimom  pudiea  the  opposite  leaflets  had  merely 
moved  upwards,  their  upper  snrfares  would  have  come 
into  contact  and  been  well  protected  ;  but  as  it  is, 
they  all  successively  move  towards  the  apex  of  the 
leaf  J  and  thus  not  only  their  upper  surfaces  are  pro- 
tected, but  the  successive  pairs  become  imbricated  and 
mutually  protect  one  another  as  well  as  the  petioles. 
This  imbrication  of  the  leaflets  of  sleeping  planta  is  a 
common  phenomenon. 

TiiQ  nyctitropic  movement  of  the  blade  is  gene- 
rally <:ffected  by  the  cuiTtiture  of  the  uppermost  part 
of  the  petiole,  which  has  often  been  modified  into  a 
pulviniis;  or  the  whole  petiole,  when  short,  may  bo 
thus  modified.  But  the  blade  itself  sometimes  cur\es 
or  moves,  of  wliich  fact  BiUihinia  offers  a  striking 
instance,  ns  the  two  halves  rise  up  and  come  into 
close  contact  at  night.  Or  the  blade  and  the  upper 
part  of  ttic  pctiolu  may  botli  move.  Moreover,  the 
petiolo  as  a  whole  eomm<mly  either  rises  or  sinks  at 
night.  This  movement  is  sometimes  large:  thus  the 
petioles  of  Cassia  puhescens  stand  only  a  little  above 
tlie  horizon  iluriug  the  day,  and  at  night  rise  up 
almost,  or  quite,  perpendicularly.  The  petioles  of  the 
younger  leaves  oi'  Vesmodiutn  g^p'ans  also  rise  up  ver- 
tically at  night.    On  the  other  hand,  with   Amphi- 
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carptco,  the  petioles  of  some  leaves  sauk  down  as 
much  OS  57°  at  night;  with  Arachis  they  sank  39% 
and  then  stood  at  right  angles  to  the  stem.  Gene- 
rally, when  the  rising  or  sinking  of  several  petioles  oa 
the  same  plant  was  measured,  the  amount  differod 
greatly.  This  is  largely  determined  by  the  age  of  the 
leaf;  for  instance,  the  petiole  of  a  moderately  old  leaf 
of  Desmodium  ffijrau»  rose  only  46",  whilst  the  young 
ones  rose  np  vertically ;  that  of  a  young  leaf  of  Cassia 
jlorihunila  rose  41°}  whilst  that  of  an  older  leaf  rose 
oidy  IT.  It  is  a  more  singular  fact  that  the  age  of 
the  plant  sometimes  influences  greatly  the  amount  of 
movement;  thus  with  some  young  seedlings  of  a  Bau- 
hinia  the  petioles  rose  at  night  30"  and  34°,  whereas 
those  on  these  same  plants,  when  gra>vu  to  a  height 
of  2  or  3  feet,  hardly  moved  at  all.  The  position  of 
the  leaves  on  the  plant  as  determined  by  the  light, 
seems  also  to  influence  the  amount  of  movement 
of  the  petiole ;  for  no  other  cause  was  apparent 
why  the  i>etiole8  of  stime  leaves  of  Mdilotus  oJjicinulU 
rose  as  much  as  59",  and  others  only  7"  and  9°  at 
night 

In  the  ease  of  mariy  plants,  tlm  petioles  move  at 
night  in  one  direction  and  the  leaflets  in  a  directly 
opposite  one.  Thus,  in  three  genera  of  Phaseolero  the 
leaflets  moved  vertit-ally  downwards  at  night,  and  the 
petioles  rose  in  two  of  them,  whilst  lu  the  third  they 
sank.  Species  in  the  same  genus  often  differ  widely 
in  the  movements  of  their  petioles.  Even  on  the  same 
plant  of  Lupinits  pnhescens  some  of  the  petioles  rose  3*)", 
others  only  6°,  and  others  sank  4°  at  night.  The 
leaflets  of  Cassia  Bardaxfatta  move<l  so  little  at  night 
that  they  could  not  he  said  to  sleep,  yet  the  petiolea 
of  some  young  leaves  rose  as  much  as  34°,  These 
several  facts  a[  parently  indicate  that  the  movements 
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of  the  petioles  are  not  performed  for  any  sjjecial  pur- 
pose ;  tliotigli  a  conclusion  of  this  kind  is  generallv 
raali.  When  the  leaflets  sink  vertically  down  at  night 
and  llie  petioles  rise,  as  often  occurs,  it  is  certain  that 
the  upward  movement  of  the  latter  does  not  aid  the 
Itjifiets  in  placing  themselves  in  their  proper  posi- 
tiuu  at  night,  for  they  have  to  move  through  a 
greater  angular  space  than  would  otherwise  have  been 
necessary. 

Notwithstanding  what  has  just  been  said,  it  may  be 
strongly  suspected  that  in  some  cases  the  rising  of 
tlie  petioles,  when  cousiderahle,  dues  beneficially  serve 
llie  plant  by  greatly  reducing  the  surface  exposed  to 
radiation  at  night.  If  the  reader  will  compare  the 
two  drawings  (Fig.  155,  p.  371)  of  Cassia  puhescens, 
t:opied  frum  pliotographs,  he  will  see  that  the  dia- 
meter of  the  plant  at  night  is  about  oTic-third  of 
what  it  is  by  day,  and  therefore  the  surface  exposed 
to  radiation  is  nearly  nine  times  less.  A  similar 
conclusion  may  be  deduced  from  the  drawings  (Fig. 
149,  p,  358)  of  a  branch  awake  and  asleep  of  Des- 
modium  gyrans.  So  it  was  in  a  very  striking  manner 
with  young  plants  of  Bauhiuia,  and  with  Ozalia 
Ortegesiu 

We  are  led  to  an  analogous  conclusion  with  respect 
to  the  movements  of  the  secondary  petioles  of  certain 
pinnate  leaves.  The  pinna;  of  Mimosa  pudica  con- 
verge at  night;  and  thus  the  imbricated  and  closed 
leaflets  on  each  separate  pinnn  are  all  brought  close 
together  into  a  single  bundle,  and  mutually  protect 
one  another,  with  a  somewhat  smaller  surface  exposed 
to  radiation.  AVith  Alhizzia  hfhanfha  the  pinuie  close 
together  in  the  same  manner.  Although  the  pinnw 
of  Acacia  Farnesiatia  do  not  converge  much,  they 
siiik  downwards.     Those  of  Nefiunia  oieraeea  likewise- 
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move  downwards,  as  well  as  backwards,  towards  the 
base  of  the  leaf,  whilst  the  main  petiole  rises.  With 
Schrankia,  again,  the  pinnae  are  depressed  at  night. 
Now  m  these  three  latter  cases,  though  the  piunro 
do  not  mutually  protect  one  another  at  night,  yet 
after  having  sunk  down  they  expose,  as  dots  a 
dependent  sleeping  leaf,  much  less  surface  to  the 
zenith  and  to  radiation  tbau  if  they  had  remained 
horizontid. 

Any  one  who  hud  never  observed  coutinuously  a 
sleeping  plant,  would  naturally  suppose  that  the  leaves 
moved  only  in  the  evening  when  going  to  sleep,  and 
in  the  morning  when  awaking;  but  he  would  bo  quite 
mistaken,  for  we  have  found  no  exception  to  the  rule 
that  leaves  which  sleep  continue  to  move  during  the 
whole  twenty-four  hours;  they  move,  however,  more 
quickly  when  going  to  sleep  and  when  awaking  than 
at  other  times.  That  they  are  not  stationary  during 
the  day  is  shown  by  all  the  diagrams  giveu,  aud  by 
the  many  more  which  were  traced.  It  is  troublesome 
to  obser>'e  the  movements  of  leaves  in  the  middle  of 
the  nightj  but  this  was  done  in  a  few  cases ;  and 
tracings  were  made  during  the  early  part  of  the  niglit 
of  the  movements,  in  the  case  of  Oxalis,  Aniphicarp:\'a, 
two  species  of  Erythrina,  a  Cassia,  PassiHora,  Euphorbia 
and  Marsilea;  and  the  leaves  after  they  had  gone  to 
sleep,  were  found  to  be  in  constant  movement.  When, 
however,  opposite  leaflets  come  into  close  contact  with 
one  another  or  with  the  stem  at  night,  they  are,  as  we 
believe,  mechanically  prevented  from  moving,  but  this 
point  was  not  sufliciently  investigated. 

When  the  movements  of  sleeping  leaves  arc  traced 
during  twenty-four  hours,  the  ascending  and  descend- 
ing lines  do  not  coincide,  except  occasionally  and  by 
accident  for  a  shoit  space ;  so  that  with  many  plants  a 
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Biugle  largo  ellipse  is  described  during  each  twenty-foui 
hours.  Such  ellipses  are  generally  luxn-ow  and  ver- 
tically directed,  for  the  amomit  of  lateral  movement  is 
small.  That  there  is  some  lateral  movement  is  shoiAii 
by  the  ascending  and  descending  lines  not  coinciding, 
and  occasionally,  as  with  Desmodium  gyrans  and  Tiialia 
dealhata^  it  was  strongly  marked.  In  the  case  of  Meli- 
lotus  the  ellipses  described  by  the  terminal  leaflet 
durin;j^  the  day  are  laterally  extended,  instead  of  ver- 
tically, as  is  usual;  and  this  fact  evidently  stands  in 
relation  with  the  terminal  leaflet  moving  laterally 
when  it  goes  to  sleep.  With  the  majority  of  slcejting 
plants  the  leaves  oscillate  more  than  once  up  and 
down  in  the  twenty-four  hovrs;  so  that  frequently  two 
ellipses,  one  of  moderate  size,  and  one  of  very  large  size 
wbich  includes  the  nocturnal  movement,  nr«  described 
within  the  twenty-four  hours.  For  instance,  a  leaf 
which  stands  vertically  up  during  the  night  will  sink 
in  the  morning,  then  riae  considerably,  again  sink  in 
the  afternoon,  and  in  the  evening  reascend  and  tissume 
its  vertical  nocturnal  position.  It  will  thus  describe, 
in  the  course  of  the  twenty-four  houi-s,  two  ellipses  of 
nnequal  sizes.  Other  plants  describe  within  the  same 
time,  three,  four,  or  live  ellipses.  Occasionally  the 
longer  axes  of  the  several  ellipses  extend  in  different 
directions,  of  whi(di  Acaeia  Famesiana  offered  a  good 
instance.  The  fuUowing  cases  will  give  an  idea  of  the 
rate  of  movement :  Oxalis  acetoseUu  completed  two 
ellipses  at  the  rate  of  1  h.  25  m.  for  each ;  Marsilea 
quadrifoiiatit,  at  the  rate  of  2  h.;  Trifolium  suhferraneunif 
one  in  3  h.  30  m. ;  and  Arachis  hypogs^^  in  4  h.  50  m. 
But  the  number  of  ellipses  described  within  a  given 
time  depends  largely  on  the  state  of  the  plant  and 
on  the  conditions  to  which  it  is  exposed.  It  often  hap- 
pens thai  a  single  ellipse  may  be  described  during  one 
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day,  and  two  on  the  next.  Erythrina  coraUodeudron 
made  four  ellipses  on  the  first  day  of  observation 
and  only  a  single  one  on  the  third,  apparently  owing 
to  having  been  kept  not  sufficiontly  ilhuninated  and 
perhaps  not  warm  enough.  But  there  seems  likewise 
to  be  an  innate  tendency  in  different  species  of  the 
same  genus  to  make  a  different  number  of  ellipses  in 
the  twenty-four  hours :  the  leaflets  of  Trifolium  rejietu 
made  only  one ;  those  of  T.  resupiiiatum  two,  and  those 
Df  T.  suhterraneam  three  in  this  time.  Again,  the 
leaflets  of  Oxaiis  Plumierii  made  a  single  ellipse ;  those 
of  0.  buplexirifolia^  t\v<i ;  those  of  0.  Valdiviunat  two  or 
three ;  and  those  of  0.  acdosdla^  at  least  five  in  the 
twenty-four  liours. 

The  line  followed  hy  the  apex  of  a  leaf  or  leaflet, 
whilst  describing  one  or  more  ellipses  during  the  day, 
is  oft^in  zigzag,  either  tlu'oughout  its  whole  coui*se  or 
only  during  the  morning  or  evening:  Kobiuia  offered 
an  instance  of  zigzagging  confined  to  the  morning, 
and  a  similar  movement  in  the  evening  is  sliown  in 
the  diagram  (Fig.  126)  given  under  Sidu.  The  amount 
of  the  zigzag  movement  dejvends  largely  on  the  plant 
being  placed  under  higlily  favourable  conditions.  But 
even  under  such  favourable  conditions,  if  the  dots  which 
mark  the  position  of  the  apex  are  made  at  consider- 
able intervals  of  time,  and  the  dots  are  then  joined, 
the  course  ])ur.suod  will  still  app'^ar  comparatively 
simple,  although  the  number  of  the  ellipses  will  bo 
increased ;  but  if  dots  anj  made  every  two  or  three 
minutes  and  these  are  joined,  the  result  often  is  that 
all  the  lines  are  strongly  zigzag,  many  small  loops, 
triangles,  and  other  figures  being  als<i  formed.  This 
tact  is  shown  in  two  parts  of  the  diagram  (K'g.  liiU) 
of  the  movements  of  Desmodiuvx  gyrans.  Strephium 
Jloriiu}idumt    observed    under    a    high    temperature, 
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made  several  little  triangled  at  the  rato  of  43  m. 
for  each.  Mimona  p^dica,  similarly  observed,  tle- 
scribod  three  little  ellipses  in  67  m.;  and  the  apex 
of  a  leaflet  crossed  ^^  of  an  ineh  in  a  second,  or 
0'12  inch  in  a  minute.  The  leaflets  of  Averrhoa 
made  a  countless  number  of  little  oscillations  when 
the  temperature  was  high  and  the  sun  sliining.  The 
zigzag  movement  may  in  all  cases  be  considered  as 
an  attempt  to  form  small  loops,  which  are  rlrawn  ont 
by  a  provailing  movement  in  some  one  direction.  The 
rapid  gyrations  of  the  little  lateral  leaflets  of  Des- 
modium  bolung  to  the  same  class  of  iiiavcments, 
somewhat  exaggerated  in  rapidity  and  arnpl  i  tudc. 
The  jerking  movements,  with  a  small  advance  and 
still  snialler  retreat,  apparently  not  exactly  in  the 
same  line,  of  the  bypoeotyl  of  tlie  cabbage  and  of 
the  leaves  of  Dionfea,  as  seen  under  the  microscope, 
all  probably  come  under  this  same  head.  Wo  may 
suspect  that  we  here  see  the  energy  which  is  freed 
during  the  incessant  chemical  changes  in  progress  in 
the  tissues,  converted  into  motion.  Finally,  it  should 
be  noted  that  leaflets  and  probably  some  leaves,  whilst 
describing  their  ellipses,  often  rotate  slightly  on  their 
axes;  so  that  the  plane  of  the  leaf  is  directed  first  to 
one  and  then  to  another  side.  This  was  plainly  seen 
to  be  the  case  with  the  large  termiii:il  leaflets  of  Des- 
modium,  Erythrina  and  Amphicarpffia.  and  is  probably 
common  to  all  leaflets  provided  with  a  pulviuus. 

With  "espect  to  the  periodicity  of  the  movements  of 
8lee])ing  leaves,  I'feffcr*  has  so  clearly  shown  that 
this  depends  on  the  daily  alternations  of  light  and 
darkness,  that  nothing  farther  need  be  said  on  this 


*  'Dio  Perio^iichen  Bcvc^ngen  der  Blatttirgnne,*  1879,  p.  80L  $1 
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head.  But  we  may  recall  the  behaviour  of  Mimosa 
in  the  ^orth,  where  the  fiuu  does  nut  set.,  and  the 
complete  inversion  of  the  daily  movements  by  artificial 
light  uud  darkness.  It  has  also  been  shown  by  us, 
that  although  leaves  subjected  to  durkness  for  a  mode- 
rately long  time  wmtinue  to  circumnutate,  yet  the 
periodicity  of  their  movements  is  soon  greatly  dis- 
turhed,  or  quite  annidled.  The  presence  of  light  or 
its  absence  cannot  be  supposed  to  be  the  direct  cause 
of  the  movements,  for  these  are  wonderfully  diversified 
even  with  the  leaflets  of  the  same  leaf,  although  all 
have  of  course  been  siiiiilarly  exposed.  The  move- 
ments depend  on  innate  causes,  and  are  of  on  adaptive 
nature.  The  alternations  of  light  and  darkness 
merely  give  notice  to  the  leaves  that  the  period  has 
arrived  for  them  to  move  in  a  certain  manner.  We 
may  infer  from  the  fact  of  several  plants  (Tropieolum, 
Lupiniis,  &c.)  not  sleeping  unloss  they  have  been  well 
illuminated  during  the  day,  that  it  is  not  the  actual 
decrease  of  light  in  the  evening,  but  the  contrast 
between  the  amount  at  this  hour  and  during  the  early 
part  of  the  day,  which  excites  the  leaves  to  modify 
their  ordinary  mode  of  circumnutation. 

As  the  leaves  of  most  plants  assume  their  proper 
diurnal  position  in  the  morning,  although  light  be 
excluded,  and  as  the  leaves  of  some  plants  continue  to 
move  in  tho  normal  manner  in  darkness  during  at 
least  a  whole  day,  we  may  conclude  that  the  periodi- 
city of  their  movements  is  to  a  certain  extent  in- 
herited."     The   strength  of  such  inheritance  differs 


•  Pfeffer  denirs  euoh  Itihflrit- 
tneo;  he  attributes  (' Die  Fcriod. 
Btiwe^Dgen,'  pp.  30-5ti)  tlie 
periodicity  when  proloogt^d  for 
ft  da/  or    two  fu    tLiikiiCBS,  to 


"Naoliwirkunf;.*'  nr  lh«  ufttr- 
eflects  oi  light  and  clurkneiw. 
But  wo  aru  anabb  to  follow  his 
train  of  reasnuiny.  'I'liere  i]r«> 
not  seem  tu  bn  any  more  reawn  fas 
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much  in  diflferent  speciea,  and  seems  never  to  lie  rigid ; 
lor  plants  have  been  introduced  from  all  parts  of  the 
world  into  our  gardens  and  greenhouses ;  and  if  their 
movements  had  been  at  all  strictly  tixed  in  relation  to 
the  alternations  of  day  and  night,  they  would  have 
elept  in  this  country  at  very  different  hours,  which 
\s  not  the  case.  Moreover,  it  has  bceu  observed  that 
bleeping  plants  in  their  native  homes  change  their 
times  of  sleep  with  the  changing  seasons.* 


Wo  may  now  turn  to  the  systematic  list  (p.  320). 
This  contains  the  names  of  all  the  sleeping  plants 
known  to  us,  though  the  list  undoubtedly  is  very 
imperfect.  It  may  be  premised  that,  as  a  general 
rule,  all  the  species  in  the  same  genua  sleep  in 
nearly  the  same  manner.  But  there  ore  some  ex- 
ceptions; in  several  large  genera  including  many 
sleeping  species  (for  instance,  Oxalis),  some  do  not 
sleep,  Oue  species  of  Melilotus  sleeps  like  a  Tri- 
fuliiun,  and  therefore  very  differently  from  its  con- 
geners ;  so  does  one  species  of  Cassia.  In  the  genua 
Bidttf  the  leaves  either  rise  or  fall  at  night;  and  witli 
Lupinns  they  sleep  in  three  different  methods.  Re- 
turuing  to  the  list,  the  first  point  which  strikes  us,  is 
that  there  are  many  more  genera  amongst  the  I^gu- 
minosa^  (and  in  almost  every  one  of  the  Leguminous 
trihevs)  thau  in  all  the  other  fjimilies  put  together; 
and  we  are  tempted  to  connect  this  fact  with  the  great 


Bl  trilmtmg  iinrh  inoT<  menta  to  this 
CHU8H  than,  Ibr  in8!aiicf\  tlie  in- 
litiiitcd  hubit  of  wmter  and 
Bummer  whi  at  to  grew  best  at 
ditfurL'ol  eeiiuoiia ;  r>  r  this  hnbit 
u  Inijt  Hft«r  :i  fow  j'Ciira,  Jiku  the 
-inovenicnU  of  Ifsiv.  b  in  iliirkiifsa 
ftftcr  u  few  i\»y&.    No  drmbt  Muae 


eff-ot  mnAt  be  I'mtlnctKl  on  the 
fleeile  l>.v  Ihe  loni;-«  ontiinii  d  onlii* 

viit(->i]  of  the  jiamit-ptiiDtB  uodcx 
diflrrcnt  cliraitU'fi,  hni  nut  om-  pru- 
I'libly  would  call  this  tliu  "  N«pIi- 
wirkang-"  uf  Ihe  cliumtcs. 
*  Pfe0er,  ibid.,  p.  40, 
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mobility  of  the  steins  and  leaves  in  this  family,  ti» 
shown  by  the  large  ntuuber  of  climbing  species  which 
it  coutaius.  Xext  to  the  Leguminosae  come  the  Mul- 
vaceje,  together  with  some  closely  allied  families.  But 
by  far  the  most  impurtaut  point  in  the  list,  is  that  we 
meet  with  sleeping  plants  in  28  families,  iu  all  Hio 
great  divisions  of  the  Phanerogamic  series,  and  in  one 
Cryptogam.  Now,  although  it  is  probable  that  with 
Lhe  LegumiiiosEE  the  tendency  to  sleep  may  have  been 
inherited  from  one  or  a  few  progenitors  and  possibly 
80  in  the  cohorts  of  the  Malvales  and  Chenopodiales, 
yet  it  is  manifest  that  the  tendency  must  have  been 
acquired  by  the  several  genera  in  the  other  families, 
quite  independently  of  one  another.  Hence  the  ques- 
tion naturally  arises,  how  has  this  been  possible  ? 
an<l  the  answer,  we  cannot  doubt,  is  that  leaves  owe 
their  nyctitropic  movements  to  their  habit  of  cir- 
cumnutating,  —  a  habit  common  to  all  plants,  and 
everywhere  ready  for  any  beneficial  development  or 
modification. 

It  has  been  shown  in  the  previous  chapters  that  the 
leaves  and  cotyledons  of  all  plants  are  continually 
moving  np  and  dou-n,  generally  to  a  slight  but  some- 
times to  a  considerable  extent,  and  that  they  tUwrilMa 
either  one  or  several  ellipses  in  the  course  of  twenty- 
four  hours;  they  are  also  so  far  affecte<l  by  the  alter- 
nations of  day  and  night  that  they  generally,  or 
at  least  often,  move  periodically  to  a  small  extent ; 
and  here  we  have  a  basis  for  the  development  of  the 
greater  nyciitmpic  movements.  Tliat  the  movements 
of  leaves  and  cotyledons  which  do  not  sleep  como 
within  the  class  of  circumnutating  mnvemonts  cannot 
be  doubted,  for  they  are  closely  similar  to  those  of 
hypocotyls,  epicotyls,  the  stems  of  mature  plants,  and 
of  various  other  organs.     Now,  if  we  take  the  simplest 


410 


MODJFXED  ClUCL'fllXUTATION, 


Chap.  VTL 


case  of  a  sleeping  leaf,  we  see  that  it  makes  a  single 
elli2)se  in  tiie  twenty-four  hours,  which  reaemhies  one 
duscribed  by  a  nou-sleeping  leaf  in  every  respect,  except 
that  it  is  much  larger.  In  both  cases  the  course  pursued 
is  often  zigzag.  As  all  non-sleeping  leaves  are  inces- 
santly circumnutating,  we  must  concluile  that  a  part 
at  least  of  the  upward  and  downward  movement  of  one 
that  sleeps,  is  duo  to  ordinary  circuninutation ;  and  it 
seems  altogether  gratuitous  to  rank  the  remainder  ef 
the  movement  under  a  wholly  different  head.  With 
a  multitude  of  climbing  plants  the  ellipses  which  they 
describe  have  been  greatly  increased  for  another  pur-, 
pose,  namely,  catching  hold  of  a  support.  With  these 
climbing  plantSjthevariouscircummitating  organs  have 
been  so  far  modified  in  relation  to  light  that,  differently 
fi-oin  all  ordinary  plants,  they  do  not  bend  towards  it. 
With  sleeping  plants  the  rate  and  amplitude  of  the 
movements  of  the  loaves  have  been  so  far  modified  in 
relation  to  light,  that  they  move  in  a  certain  direction^ 
with  the  waning  light  of  the  evening  and  with  the 
increasing  light  of  the  morning  more  rapidly,  and  to 
a  greater  extent,  than  at  other  hours 

But  the  leaves  and  cotyledons  of  many  non-slceping 
plants  move  in  a  much  more  complex  manner  than  in 
the  cases  just  alluded  to,  for  they  describe  two,  three, 
or  more  ellipses  in  the  course  of  a  day.  Now,  if  a 
plant  of  this  kind  were  converted  into  one  that  slejit, 
one  side  of  one  of  the  several  ellipses  which  each 
leaf  daily  describes,  would  have  to  be  greAtly  increased 
in  length  in  the  evening,  until  the  leaf  stood  ver- 
tically, when  it  would  go  on  circumnutating  ahuut  the 
same  spc^t  On  the  following  morning,  the  side  ol 
another  ellipse  would  have  to  be  similarly  increased 
in  length,  so  oa  to  bring  the  leaf  bock  again  into  its 
diurnal  position,  when  it  would  again  circumnutat'? 
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until  the  evening.  If  the  reader  will  lock,  for  in- 
stance, at  the  ditigrara  (Fig.  142,  p.  351),  representing 
the  nyctitropic  movements  of  the  terminal  leaflet  oi 
TfifoUum  suUerrajieumy  remembering  that  the  curved 
broken  lines  at  the  top  ought  to  be  prolonged  much 
higher  up,  he  will  see  that  the  great  rise  in  the  evening 
and  the  great  fall  in  the  morning  together  form  a 
large  ellipse  like  one  of  those  described  during  the 
dajtime,  differing  only  in  size.  Or,  he  may  look  at 
the  diagram  (Fig.  103,  p.  236)  of  the  3^  ellipses 
described  in  the  course  of  6  h.  35  m.  by  a  leaf  of 
lALpiniis  speciGms,  which  is  one  of  the  species  in  this 
genus  that  docs  not  sleep ;  and  he  will  see  that  by 
merely  prolonging  upwai-ds  the  line  which  was  already 
rising  late  in  the  evening,  and  bringing  it  down 
again  next  morning,  the  diagram  would  represent  the 
movements  of  a  sleeping  plant. 

With  those  sleeping  plants  which  describe  several 
ellipses  in  the  daytime,  and  which  travel  in  a  strongly 
zigzag  line,  often  making  in  theii  course  minute  loops, 
triangles,  &c.,  if  as  soon  as  one  of  the  ellipses  begins 
in  the  evening  to  bo  greatly  increased  in  size,  dots  are 
made  every  2  or  3  minutes  and  these  are  joined,  the 
line  then  described  is  almost  strictly  rectilinear,  in 
strong  contrast  with  the  lines  made  during  the  day- 
time. This  was  observed  with  Desmodium  ^tjrans  and 
Mimosa  pudica.  With  this  latter  plant,  moreover,  the 
pinnfe  converge  in  the  evening  by  a  steady  move- 
ment, whereas  during  the  day  they  are  continually 
converging  and  diverging  to  a  slight  extent.  In  all 
such  cases  it  was  scarcely  possible  to  observe  the 
difference  in  the  movement  during  the  day  and  even- 
ing, without  being  convinced  that  in  the  evening  the 
plant  saves  the  expenditure  of  force  by  not  moving 
laterally,  and  that  its  whole  energy  is  now  expe  ided 


U2 


MODIFIED    CIRCUai.VUTATION. 


Chap.  VII 


in  gaining  qnickly  its  jiroper  nocturnal  position  by 
ti  direct  couiae.  lu  sovurai  other  cuscs,  for  instance, 
when  a  leaf  after  describing  during  tic  duy  one  or 
more  fairly  regular  ellipsbs,  zigzags  much  in  tlie 
evening,  it  appears  as  if  en^rrgy  was  being  expende*!, 
90  that  the  great  evening  rise  or  fall  might  coin- 
cide with  the  period  of  the  day  proper  for  this 
inoTement. 

The  most  complex  of  all  the  movements  performed 
by  sleepiug  plants,  is  that  when  leaves  or  leattots, 
after  describing  in  the  daytime  sevenil  vertically 
directed  ellipses,  rotate  greatly  on  their  axes  in  the 
evening,  hy  which  twisting  movement  they  occupy 
a  wholly  different  position  at  night  to  what  they  do 
during  the  day.  For  instance,  the  terminal  louflr'ts 
of  Cassia  not  only  move  vertically  downwards  in  the 
evening,  but  twist  round,  so  that  their  lower  surfaces 
face  outwards.  Such  movemeiits  are  wholly,  or  almost 
wholly,  ooniined  to  leaHota  provided  with  a  pulvinns. 
But  this  torsion  is  not  a  new  kind  of  movement 
introduced  solely  for  the  purpose  of  sleep ;  for  it 
has  been  shown  that  sume  leaflets  whilst  describing 
their  ordinary  ellipses  during  the  daytime  rotate 
slightly,  cjiuaing  their  hlades  to  face  first  to  one  side 
aud  then  to  another.  Although  wo  can  see  how  the 
slight  periodical  movements  of  leaves  in  a  vertical 
plane  could  be  easily  converted  into  the  greater  yet 
simple  nyetitropic  movements,  we  do  not  at  present 
know  by  what  graduated  steps  the  more  complex 
movements,  offected  by  the  torsion  of  the  pulvinij 
have  been  acquired.  A  probable  explanation  could 
be  given  in  each  case  only  after  a  close  investigation 
of  the  movements  in  all  the  allied  forma. 

From  the  facts  and  c{)nsideration8  now  advanced  we 
may  concludo  that  nyctitropism,  or  the  sleep  of  Icavi.f 
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and  cotyledons,  is  merely  a  modification  of  their  ordi- 
nary circumnutjiting  movement,  rt'giilated  in  its  period 
and  amplitudo  by  the  alternations  of  light  and  dark- 
ness. Tho  object  gained  is  the  protection  of  tijc  upper 
surfaces  of  the  leaves  from  radiation  at  night,  (^ftea 
combined  with  thu  mutual  proteetion  of  the  8e\eral 
parts  by  their  close  approximation.  In  such  cases  aa 
those  of  the  leaflets  of  Cassia — of  the  terminal  leafletjj 
of  Melilotus— of  all  the  leaflets  of  Arachis,  Marsilea, 
&c. — we  have  ordinary  circumnntation  modiiicd  to  tho 
extreme  extent  known  to  us  In  any  of  the  several  great 
classes  of  modified  circumnutaticm.  On  this  view  ol 
the  origin  of  nyctitropism  we  can  undorstjind  how  it 
is  that  a  few  plants,  widely  distributed  throughout  the 
Vascular  scries,  have  been  able  to  acquire  the  habit  of 
placing  the  blades  of  their  leaves  vertically  at  nighty 
that  is,  of  sleeping, — a  fact  otherwise  inexplicable. 

The  leaves  of  some  plants  move  during  the  day  in 
a  manner,  which  has  improperly  been  calJed  diurnal 
sleep ;  for  when  the  sun  shines  brightly  on  them,  they 
direct  their  edges  towards  it.  To  such  cases  wa  shall 
recur  in  the  lolhiwing  chapter  on  Heliotropism.  It 
has  been  shown  that  the  leaflets  of  one  form  of 
Porlieria  hy(;rometrica  keep  closed  during  the  day,  as 
long  as  the  plant  is  seantily  siij>i»lied  with  water,  in 
the  same  manner  as  wiieii  asleep  ;  and  this  apparently 
serves  to  check  evaporation.  There  is  only  one  other 
analogous  case  known  to  us,  namely,  that  nf  certain 
Gramincac,  which  fohl  inwards  the  sides  of  their  narrow 
leaves,  when  these  are  exposed  to  the  sun  and  \o  a 
dry  atmosphere,  as  described  by  Duval-.Touvc*  We 
have  also  observed  tho  s^xmc  phenomenon  in  Klt/mtiS 
arenareus. 


»  Aoiib].  dmt  Rr.  Nut  (Bot.)/  1875.  torn.  i.  pp.  32l   829. 
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There  is  another  movement,  which  since  the  time 
of  LinntBUs  has  generally  been  called  sleep,  namely, 
that  of  the  petals  of  the  many  flowers  which  close  a1 
night.  These  mo  Yemen ts  have  been  ably  investigated 
by  Pfefter,  who  has  shown  (as  was  first  observed  by 
Hofmeister)  that  they  are  cansed  or  regulated  more 
by  temperature  than  by  the  alternations  of  light  and 
darkness.  Although  they  cannot  fail  to  protect  the 
organs  of  reprodnction  from  radiation  at  night,  this 
does  not  seem  to  be  their  chief  function,  but  rather 
the  protection  of  the  organs  from  cold  winds,  and 
especially  from  lain,  during  the  day.  The  latter 
seems  proLahlc,  asKemer*  has  shown  that  a  widely 
different  kind  of  movement,  namely,  the  bending  down 
of  the  npper  part  of  the  pednncle,  serves  in  many 
cases  the  sumo  end.  The  closure  of  the  flowers  will 
also  exclude  nocturnal  insects  which  may  be  ill-adapted 
for  their  fertiliaatiun,  and  the  well-adapted  kinds  at 
periods  when  the  temperature  is  not  favourable  for 
fertilisation.  Whether  these  movements  of  the  petals 
consist,  as  is  probable,  of  modilied  circumnutatioti  wc 
do  not  know. 

En^ryologif  of  Leaves. — A  few  facts  have  been  in- 
cidentally given  in  this  chapter  on  what  may  be  called 
the  embryology  of  leaves.  With  most  plants  the 
first  loaf  which  is  developed  after  the  cotyledons, 
resembles  closely  the  leaves  produced  by  the  matnre 
plant,  hnt  this  is  not  always  the  case.  The  first 
leaves  proiluced  by  some  species  of  Drosora,  for  instance 
by  D.  Capetins,  differ  widely  in  shape  from  those 
borne  by  the  mature  plant,  and  resemble  closely  the 

eaves  of  B.  roiundifoliay  as  was  shown  to  us  by  Prof. 

Williamson  of  Manchester.      The  first  tme  leaf  uj 


Dte  SchulzmttUl  des  Pullena,'  1873,  pp.  SO-89i 
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the  gorse,  or  Ulex,  is  not  narrow  aud  spinose  like  the 
older  leaves.  On  the  other  hand,  with  many  Legumi- 
uuas  plants,  for  iustance,  Caasia,  Acacia  loj'hanthaf  &c., 
tlie  lirst  leaf  has  esseutially  the  same  character  as  the 
older  leaves,  excepting  that  it  bears  fewer  leaflets.  In 
Trifulium  the  first  leaf  generally  boars  only  a  single 
leaflet  instead  of  three,  and  this  differs  somewhat  in 
shape  from  the  corresponding  leaflet  on  the  older  leaves. 
Now,  with  Trifolium  Pannonicum  the  first  true  loaf  on 
souic  seedlings  was  unifoliate,  and  on  others  completely 
trifoliate ;  aud  between  these  two  extreme  states  there 
were  all  sorts  of  gradations,  some  seedlings  bearing 
a  single  leaflet  more  or  less  deeply  notched  on  one 
or  both  sides,  and  some  bearing  a  single  ad<Utional 
and  perfect  lateral  leaflet.  Here,  tben,  we  have  the 
rare  opportunity  of  seeing  a  structure  proper  to  a  more 
advanced  age,  in  the  act  of  gradnally  encroaching  on 
and  replacing  an  earlier  or  cmbryological  oon<liti()n. 

The  genus  Melilotus  is  closely  allied  to  Trifolium,  and 
the  first  leaf  bears  only  a  single  leaflet,  which  at  night 
rotates  on  its  fl^tis  so  as  to  present  one  lateral  edge  to 
the  zenith.  Hence  it  sleeps  like  the  tenuLual  leaflet 
of  a  mature  plant,  as  was  observed  in  15  s])(.'cics,  and 
wholly  unlike  the  corresponding  loailet  of  Triiblium, 
which  simply  bends  upwards.  It  is  therefore  a  curious 
fact  that  in  one  of  these  15  species,  viz.,  M.  Taurica  (and 
in  a  lusser  degree  in  two  others),  leaves  arising  from 
young  shoots,  produced  on  plants  which  had  been  cut 
down  and  kept  in  pots  during  the  winter  in  the  green- 
house, slept  like  the  leaves  of  a  Trifolium,  whilst  the 
leaves  on  the  fully-grown  branches  on  these  same 
plants  afterwards  slept  normally  like  tl  ose  of  a  Meli- 
lotus. If  young  shoots  rising  from  the  ground  may 
be  considered  as  new  individuals,  jwirtaking  to  a  cert-nin 
extent  of  the  nature  of  seedlings,  then  the  peculiar 
mauncr  in  which  their  leaves  slept  may  be  considered 


416 


BTKUCTUEE  OK 


Chap.  VII. 


as  an  embryolog^cal  liabit,  probably  the  result  of  Meli- 
lutus  being  descended  from  some  form  wliicli  slept  like 
A  Trifolium.  This  view  is  partially  supported  by  the 
li»aves  on  old  and  young  branches  of  another  sjiecies^ 
M.  Messautnsis  (uot  included  in  the  above  15  speciee); 
ulwuys  sleepinjr  Hke  those  of  a  Trifolium. 

TiiB  first  true  leaf  of  Mimosa  aJhida  uonsists  of  a 
simple  petiole,  often  bearing  three  pairs  of  leuflets,  ali 
of  which  are  of  nearly  c(|Uftl  size  and  of  the  same 
shape  :  the  second  leaf  differs  widely  frt)m  the  first, 
and  resembles  that  on  a  mature  plant  (see  Fig.  lij&, 
p.  379),  for  it  consists  of  two  pinnm,  each  of  which 
bears  two  pairs  of  leaflets,  of  which  the  inner  basal 
one  is  very  small,  ihit  at  the  base  of  each  pinna 
there  is  a  pair  of  minute  points,  evidently  rudimonta 
of  leaflets,  for  they  are  of  nneqiud  sizes,  like  the  two 
succeeding  leaflets.  These  rudiments  are  in  one  senso 
embryological,  for  they  exist  only  during  the  youth  of 
the  leaf,  falHng  off  and  disappearing  as  soon  as  it  ia 
fully  grown. 

With  Demiodium  gtjrana  the  two  lateral  leaflets  are 
very  much  smaller  than  the  con'esponfling  leaflets  iu 
most  of  the  species  in  this  large  genus ;  they  vary 
also  in  position  and  size ;  one  or  both  are  sometimes 
absent ;  and  they  do  not  sleep  like  the  fully-developed 
leaflets.  They  may  therefore  be  considered  as  almost 
rudimentary  ;  and  iu  aci-urdance  with  the  general  prin- 
ciples of  embryology,  they  ought  to  be  more  constantly 
and  fidly  developed  on  very  young  than  on  old  plants. 
But  this  is  not  tho  case,  for  they  were  quite  absent 
on  some  young  seedlings,  and  did  not  appear  until 
from  10  to  20  leaves  had  been  formed.  This  fact 
ieada  to  the  suapicion  tliat  1>.  gyrans  is  descended 
through  a  nnifoliate  form  (of  which  some  exist)  fixmi 
a  trifoliate  species;  and  that  the  little  lateml  leafleti* 
reaiipoar   through   reversion.      However  this  may   b*^ 
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the  interesting  fact  of  the  pulvini  or  organs  of  move- 
ment  of  these  little  leaflets,  not  having  been  reduced 
nearly  so  much  as  their  blades — taking  the  large 
terminal  leaflet  as  the  standard  of  comparison — gives 
as  probably  the  proximate  cause  of  their  extraordinary 
power  of  gyration. 
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CHAPTER  vrn. 

SfcDlPIEll  GlB(n7MNCTATI0»^:    MoTEMSNTS  KXOETCD  SI    LlflOT. 

l)ii<tincbiDii  hetwceii  hcliotropifim  and  the  effitsU  of  Mfiht  on  thf  pericv 
(liclty  of  tli6  moveineuta  of  Kavc-s— H^Iiotrojiio  mitvt;«imtt«  of  Bein, 
Soiuiium,  Z<  a,  and  Arciiii — Hi-ltntmpic  rnDveim-iit^  towards  un 
obHotirc  liirlit  iti  Api.>s,  ttriu.8ic«,  Phiiliiris,  Tropiitolum,  arid  (Jawia 
— Apl  eliotropio  jiiovemt-ntB  of  tendrils  of  Bi^oniii — Of  flower- 
pcilmiptGA  (if  CjciaiiMin — Burying  of  the  [nids— HeliolropTun 
and  upticiintropitim  modtflcd  forms  of  cin-umnutntion — St>'p6  by 
wi.icli  inie  mnvDmeat  is  convened  into  the  ottier— -Transvenal- 
lielintiopiamus  cr  dlAhelu'tropLiai.  iDflueiio>e<l  by  epinjiAty,  tti« 
weijjlit  of  tlic  part  und  apoxeotropisni— A|)ogcolropi«in  nv*ivN>iDe 
durini:  tho  niiLldU  of  the  day  by  dialn  Itotropisni — Rftects  of  tlie 
wei<^ht  of  the  blttdfiB  of  cotyledons— Sij-o;dli-d  dunml  slwp — Chloro- 
phyll iiijural  by  intense  light — Movements  to  avoid  iuttiiti  liglit. 

Sachs  first  clearly  pointed  out  tho  importuBt  dif- 
ference between  the  action  of  light  in  modifying  the 
periodic  movemunta  of  leaves,  and  in  causing  them  to 
bend  towards  its  source.*  The  latter,  or  heliotropic 
movements  are  determined  by  the  direction  of  the  light, 
whilst  periodic  movements  are  affected  by  changes  in 
its  intensity  and  not  by  its  direction.  The  periodicity 
of  the  circum nutating  movement  often  continues  for 
some  time  in  darkness,  as  we  have  seen  in  the  last 
chapter ;  whilst  htdiotroiiic  bending  ceases  very  quickly 
wh(.'n  the  light  fails.  Nevertheless,  plants  which  have 
iteased  throHgh  long-continued  darkness  to  move  pe- 
riodically, if  re-exposcd  to  the  light  are  still,  according 
to  Sachs,  heliotropic. 

Apheliotropism,  or,  as  usually  designated,  negative 

•  •  Physiologie  Veg  *  (Fn^uch  TronaUlIon),  1808,  pp.  42,  517.  Aa 
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heliotropisin,  implies  that  a  plant,  when  uneqnaTJy 
illuminated  on  the  two  sides,  bends  from  the  light, 
instead  of,  as  in  the  last  sub-class  of  casea,  inwards  it ; 
but  apheliotropism  is  comparatively  rare,  at  least  in  a 
n'pll-marked  degree.  There  is  a  third  and  largo  sub- 
class of  cases,  namely,  thoso  of  "Transvcrsal-Helio- 
tropismns  **  of  Frank,  which  we  will  here  call  diahelio- 
tJopism.  Parts  of  plants,  under  this  infliieuce,  place 
tUomselvca  more  or  less  transversely  to  the  direction 
whence  the  light  proceeds,  and  are  thus  fully  illumi- 
nated. There  is  a  fourth  sub-class,  as  fai-  ns  the  fiuiJ 
cause  of  the  movement  is  concerned  ;  for  the  Iimitos  of 
some  plants  when  exposed  to  an  intense  and  injuriona 
amount  of  light  direct  themselves,  by  rising  or  sinking 
or  twisting,  so  as  to  be  less  intensely  illuminatpil. 
Such  movements  have  sometimes  been  called  diurnal 
sleep.  If  thought  advisable,  they  might  be  called 
parahelio tropic,  and  this  term  would  correspond  with 
our  other  tenns. 

It  will  be  shown  in  the  present  chapter  that  all  the 
movements  included  in  these  four  fiuh-cliisses,  con- 
sirit  of  modified  circuniuutation.  We  do  not  protend  to 
say  that  if  a  part  of  a  plant,  whilst  stili  growing,  did  not 
jircumnutate — though  such  a  supposition  is  most  im- 
firobabie — it  could  not  Kmd  towards  the  light ;  but,  ua 
a  matter  of  fact,  heliotropism  seems  always  to  consist 
of  modified  circumnutation.  Any  kind  of  movement 
in  relation  to  light  wilt  obviously  bo  much  facilitated 
by  each  part  circumnutating  or  bending  successively 
in  all  directions,  so  that  an  already  existing  movement 
has  only  to  be  increased  in  some  one  direction,  and  to 
lie  lesseued  or  stopped  in  the  other  directions,  in  order 
that  it  should  become  heliotropic,  apheliotropic,  &c., 
OS  tJie  case  may  be.  In  the  next  chapter  some  obser- 
vations on  the  sensitiveness  of  plants  to  light,  thci? 
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mte  of  bending  towards  it,  and  the  arciirticy  with 
whi«h  tliey  point  towards  its  source,  &c,,  will  bo 
given.  Afterwards  it  will  be  shown — and  this  seems 
to  us  a  point  <»t'  mucli  ititt-rcst— that  sensitiyeneas  to 
light  is  sometimes  confined  to  a  small  part  oi'  the 
plant;  and  that  this  part  wlieu  stimulated  by  light, 
transmits  an  influence  to  distant  parts,  exciting  tbeiu 
to  beud. 

Heliotropisiii.  —  When  a  plant  which  is  strongly 
lieliotropic  (and  species  differ  much  in  this  respectj 
is  exposed  to  a  bright  lateral  light,  it  bends  quickly 
towarda  it,  and  the  coui*se  ptirsued  by  the  stem  is 
quite  or  nearly  straight.  But  if  the  light  is  much 
diiiimed,  or  occasionally  interrupted,  or  admitted  in 
only  a  slightly  ohlique  ilin-ftion, 
the  course  pursUL'd  is  mure  or  li:as 
zigzag ;  and  as  we  have  seen  and 
shall  iiguiii  see,  such  aigzag  move- 
ment rrsulls  from  the  elongation  or 
drawing  out  of  the  ellipses,  loops, 
A'c,  w)neh  the  plant  would  have  de- 
scribed, if  it  had  been  illuminated 
i'uuw  iilHfve.  On  several  occasions 
w(_'  were  much  struck  witli  this  fact, 
wliilst  observing  the  circumauta- 
tion  of  highly  sensitive  seedlings, 
whi(^h  wore  unintentionally  illu- 
minated rather  obliquely,  or  only 
at  successive  inlervala  of  time. 


Fig.  IS8. 


Ptta  ztliia  '91  circtimiiu- 
tation  of  hyimcotyl,  tle- 
fii'.t*'ii  hy  the  lipht 
bi^ine  slightly  lateral. 
trai-ed  on  a  horixoutal 
irlftss  from  x.3!>  A.M.  to 
S.-IOP-M.  Direction  of  the 
li,tht<>i!  (jipor  hj-  which 
It  rva*  illiiniinated, 
dhown  liy  A  line  jnining 
tho  first  fttid  penultimate 
dots.  Figure  reilucei]  to 
one-third  of  the  original 
tcala. 


For  instance,  two  ynnng  RPe<11iiigi<i  of 
Beitt  fuh/aris  were  placed  in  tlwj  middle 
of  a  room  with  north-rast  windows,  anJ 
were  kept  covered  up,  except  rUiririR 
Dfrch  obBcrvation  which  lasted  for  only  n  mituiU^,  or  two ;  but  the 
result  wiis  that  their  liypocotyls  bowed  themselves  to  the  aide, 
whence  some  light  occatsionally  enterod,  in  lines  which  were 
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Fig.  189. 


only  slightly  zig'/ag.     Altliongli  nut  &  Riiiglc  ellijito  was  excu 

approxluiattily  formed,  we  iafeiTed  from  tho  Kigzitg  Uues — and, 

OR  it  proved,  correctly — that  thoir  hypocotyls  wens  circumnutn- 

ting,  for  on  the  following  day  these  same  seedlings  were  placed 

in  a  completely  darkened  room,  and  were  observed  cacli  time  by 

the  aid  of  a  small  wax  taper  held  almost 

directly  alxivo  them,  and  their  movements 

were  ti-ac^d  on  n  horizontal  glass  aliove; 

and  now  their  hypocotyls  clatrly  circiim- 

nntated  (Fig.  168,  and  Fig.  39,  formerly 

given,  p.  5'2);  yet  they  moved  a  short 

distance  towards  the  side  where  the  taper 

woshcld  up.    If  we  look  atthesodiagnims, 

and  suppose  that  the  taper  had  been  held 

more  on  one  fiide,and  that  tho  ]iyj\onotylR, 

still  circuranutatihg,  had  bent  themselves 

within  the  same  time  much  more  towards 

the  light,  long  zigzag  lines  would   oli- 

viously  have  been  the  result. 

Again,  two  secdhngp  of  Sohfum  Ipro- 
p  rsk-um  were  illuminated  from  above, 
but  accidentally  a  little  more  light  entered 
on  one  than  on  any  other  side,  and  their 
hypocotyla  become  slightly  bowed  to-wards 
the  brighter  side;  they  moved  in  a  /Jgzag 
line  and  de»crii3etl  ia  their(;<mr.se  two  little 
triangles,  as  seen  in  Fig.  37  (p.  50),  and 
in  another  tracing  not  given.  Thesheatli- 
like  cotyledons  of  /ea  mayK  behaved,  under 
nearly  similar  circumstances,  in  a  nearly 
flimilar  manner,  as  described  iu  our  first 
chapter  {p.  C4),  for  they  bowed  themselves 
during  tlte  whole  day  towards  one  side, 
making,  however,  in  their  course  some 
eonspicxioua  flexures.  Before  we  knew 
how  greatly  ordinary  circnmnutaliou  was 
modified  by  a  lateral  light,  soiue  seedling  oats,  with  rather  old 
and  therefore  not  higlily  eeusitive  rofyledons,  were  placed  in 
fi-ont  of  a  north-east  window,  towanls  which  they  bent  all  day  in 
a  strongly  zigzag  course  On  the  following  day  they  continued 
lo  bend  in  the  same  direction  (Fig.  169),  but  zigzagged  much 
leea.     The  sky,  however,  l>ecarae  between  I2.i0  and  2.35  P.St 


Avena  »aiiit.i  :  lieUutn-'pi  • 
inoTi-nicut  ami  circuin- 
notation  Dl'sh^ath-like 
cutylBdon  (IJ  iuch  in 
height)  traced  on  hovi- 
xnutiil  clasK  frum  S  A.M. 
t'jl0.2j  P.M.  OcHfith. 
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ovci'cast  with  oxtraordiuarily  dark  ihimder-cloudA,  and  it  was 
iiitcrosting  to  note  how  plainly  the  cotyledons  oircomnntated 
during  tliis  interval. 

The  foregoing  olfservjitionB  are  of  some 
Wig.  170.  value,  from  having  K  eu  inude  wheu  wc  wore 

not  attending  to  heliotropism;  and  they  led 
us  to  exiJeriiueiit  on  sevenii  kind?  of  eetid- 
linge,  by  exposing  them  to  a  dim  lateral  light, 
po  as  to  observe  the  gradations  between 
orilinary  circuninutatiou  and  helitftropisra. 
Seedlings  in  pots  were  placed  in  front  of, 
and  about  a  yard  from, a  north-eust  window; 
on  each  side  and  over  the  I'lt'-  black  boarda 
were  placed;  in  the  rear  the  p"t8  were  open 
to  the  diflFused  light  of  tlie  room,  which 
had  a  eecond  north-east  and  a  north-west 

/"t  ^  window.  By  hanging  up  one  or  more  hlimla 
g  o  before  the  window  where  theeeedHngs  stood, 
it  was  easy  to  dim  the  light,  so  that  very 
little  more  entered  on  tliis  wde  than  on  the 
oyipofiitc  onCj  which  received  the  diffnRt'd 
light  of  t>io  room.  Late  in  the  evening  tha  ■ 
blinds  were  Buccessively  removed,  and  as  the  , 
plants  had  lieen  subjected  during  the  day  to 
a  very  obspnre  light,  they  continued  to  bend 
towards  tlie  window  later  in  the  evening  than 
would  otherwise  have  occurred.  Most  of  the 
seedlings  were  selected  because  they  were 
known  to  be  highly  seusitive  to  liglit,  and 
some  because  they  were  but  little  sensitiTe, 
or  liad  become  so  from  having  gri>wn  old. 
The  movements  were  traced  in  the  usnal 
I  ^-a-a    manner  on  a  horizontal  glass  cover;  a  fine 

^  i  I,  glass  filament  with  little  triangles  of  paper 
*"  ^  "C  liaving  been  cemented  in  an  upright  position 
5^*5  to  the  hj-pocotyls.  Whenever  the  stem  or 
'f  — ■£  hypocotyl  betrame  much  bowed  towards  the 
I'S-  light,  the  latter  part  of  its  course  had  to 
^"1  ^  be  traced  on  a  vertical  glass,  parallel  to  the 
•| "  window,  and  at  right  angles  to  the  hoiuozital 
■^  glass  cover. 

Jp(o»  yravtolcna. — The  hypocotyl  bends  in  a  few  hours  rectan- 
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giilarly  towards  a  lirifrht  laUiral  light.  Tii  order  to  ascertoui 
how  straight  a  coui-se  it  wouJd  pursue  when  fairly  well  illumU 
iiated  on  one  side,  seedlings  were  first  placed  Itcforo  a  south-wcHt 
window  on  a  cloudy  and  xainy  morning;  and  tha  movement  of 
two  hypocotyls  weio  traced  for  3  h.,  during  which  time  they 
becamo  greatly  bowed  towards  the  light.  Ouc  of  these  tratiniia 
IB  given  on  p.  422  (Fig.  170),  and  the  course  may  be  bgcd  to  be 
almost  btraight.  But  the  amonnt  of  light  on  this  occasion  was 
BniM-'rfluous,  for  two  seedliutts  were  placed  before  a  north-tytst 
window,  protoetetl  by  an  ordinary  linen  and  two  uiufiliu  blinds, 
yet  their  hypocotyls  moved  towards  this  rather  dim  light  iu 
only  slightly  zigzag  lines ;  but  after  4  r.K.,  as  the  light  waned, 
the  lines  become  distinctly  zigzag.  One  of  these  feedlinps, 
moreover,  described  in  the  afternoon  nn  elHpso  of  consideiable 
size,  with  its  lonj^cr  axis  directed  towards  the  window. 

"SVe  now  determined  that  the  light  should  bo  made  dim 
enough,  so  wo  l»cgan  by  expoRing  several  seedhngs  before  a 
north-cast  window,  protected  by  one  linen  blind,  tbrca  mushn 
blinils,  and  a  towel.  But  eo  little  light  entered  that  a  pcjieil 
cast  no  perceptible  shadow  on  a  white  cjird,  and  the  hypocotyls 
did  not  bend  at  all  towards  the  window.  During  this  time, 
from  8.15  to  10.50  a.m.,  tho  hypocotyls  zigzagged  or  cixcum- 
nutated  near  tho  same  Rpot,  as  may  bo  seen  at  A,  in  Fig.  171. 
Tlie  towel,  therefore,  was  removed  at  10.^0  a.m.,  and  replaced 
by  two  muslin  blinds,  and  now  tho  light  passed  through 
one  ordinary  linen  and  four  muslin  blinds.  When  a  pencil 
was  held  upright  on  a  card  close  to  the  seedlJiigp,  it  east  a 
aliadow  {pointing  from  tho  window;  which  could  only  just 
be  distingoishod.  Tot  Uiis  very  slight  escess  of  light  ou 
one  side  sufficed  to  cause  the  hypocotyls  of  all  tho  seedlings 
immediately  to  begin  bending  in  zigzag  lines  towards  the 
window.  The  course  of  one  is  shown  at  A  (Fig.  171):  after 
moving  towards  the  window  from  10.50  a.m.  to  12.48  p.m.  it 
Itent  from  tho  window,  and  then  returned  in  a  ueai-ly  parallel 
line;  that  is,  it  almost  completed  between  12.4B  and  2  p.vl 
a  narrow  ellipse.  Late  in  tho  evening,  as  tho  light  waned, 
the  hypocotyl  ecoscrfl  to  bend  towards  the  window,  and  circnm- 
nututed  on  a  small  scale  round  the  same  spot ;  daring  tlie  night 
it  moved  considerably  backwards,  that  is,  b&came  more  uprij^ht, 
through  tho  action  of  apogeotropism.  At  B,  we  have  a  tracing 
of  the  movements  of  another  seedling  from  the  hour  (10.60  A.M.) 
when  the  towel  was  removed;  and  it  is  in  all  eesential  resj^v^'U* 
28 
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Bimilor  to  the  previous  one.  In  ttiesa  two  cases  there  could  )»f 
no  doubt  that  the  ordinary  circumniitatint;  movemeat  of  tha 
hy|>ocotyI  was  niodifieii  and  rendered  heliotropic 


rig.  171. 
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Ap'ng  tjrtveolena I  hptintrnpic  tnovonio&t  nnH  circfimnntallon  of  tht  liTpo- 
o'ty's  of  twn  <ini>dlini;3towftrils  a  dl]tn  lar.9ral  liifht,  tnceit  oa  a  horizontal 
gliw  ilurmi;  the  day.  Thft  broken  linet  sliow  their  rcttini  unctariul 
c'>unes.  Height  ot  hrpocotyl  of  A  '&,  ftati  vf  b  '65  iuub.  Kigura  redacoJ 
to  uDe-hnK  of  origiiinli  scale. 

Branica  eleracea. — The  hypocotyl  of  the  cnlibopo,  when  not 
JislurlKjd  hy  a  kt«ral  light,  oircumnutates  in  a  complicated 
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majiiier  over  ue&rly  the  stuiio  space,  and  a  figure  fonnerl;  gives 
is  hero  i-eproducod  (Fig.  172).  If  the  hypoootyl  is  oxpoeod  to 
a  inodci-atcly  strong  lateral  light  it  mov&)  quickly  towards  this 
aide,  travelling  in  a  atraight.  or  nearly  straight,  line.  But  when 
the  lateral  lit;ht  is  very  dim  its  cuttrse  is  extremely  tortuous,  and 
evidcully  consists  of  moditietl  circmuiiiitution.  Seedling»  were 
jilftcod  before  a  nortli-oast  window,  protected  by  a  linen  and 
luutilin  blind  and  by  a  towel.  The  sky  waa  cloudy,  and  when- 
ever the  clond-s  grew  a  little  lighter  an  additional  muslin  blind 
v,aa  temporarily  suKpunded.    I'hv  light  from  the  window  wna 

Fig.  172. 


Srtstioa  deraaa     ordinAry  clrcnmnntating  mcrement  of  th?  brjMicotyl  of 

a  seedliug  pUut. 


thus  80  much  obscured  that,  judging  by  the  unasBiBtcd  eye,  the 
M-Mllinga  ap|>carcd  to  receive  more  light  from  the  interior 
of  the  room  than  from  the  window;  but  this  was  not  i-eally 
tho  case,  as  was  showu  by  a  very  faint  shadow  cnst  by  n  pencil 
on  a  card.  Nevertholess,  this  extremely  small  excess  of  light 
on  one  side  caused  the  hypocotyls,  which  in  the  morning  had 
stood  upright,  to  Ix-nd  at  right  angles  towards  the  window, 
so  that  in  tlie  evening  (after  4.23  km.)  their  course  had  to  !« 
traced  on  a  vfrtical  ghiss  parallel  to  the  window.  It  shonUl  lie 
stated  that  at  3.30  r.M.^  by  which  time  iho  sky  ha^l  »iocome 
darker,  the  towel  was  removed  and  replaced  by  an  additional 
muslin  blind,  which  itself  was  removed  at  1  p.m.,  the  other  two 
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UiuiU  being  left  suspcuded.     In  Fig.  173  Ihe  cuurao  purttiuxl. 
Uitwivn  &'J  A.3L  and  7^0  f.il«  by  uue  cf  Uu>  li>|H)cotybi  thni 


BffUtit'i  oigrarea  :  belintrttptcmnvBraenl  aTi<!  circtimtiiitAtinn  of  a  hypocotyl 
towaHfl  n  vQrr  ilim  Irtlrrnl  light,  traced  during  II  hours,  nn  a  horiznntjil 
l[tifi«  in  the  mortiiiii;,  &t\>\  on  a  vertioni  gUss  in  tbt  «Taaing.  Figun 
redocej  U>  wp«-thir<i  uf  the  original  Acnlfl. 

npoficd  is  shown.     It  niiy  1k)  obsorv&fl  that  during  the  first 
16  m.  tho  hypocotyl  moved  obliquely  from  tha  light,  and  this. 
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no  doubt,  was  due  to  its  then  circumnutating  in  this  direction 
Similar  cases  were  repeatedly  observed,  and  a  dim  light,  rorelj 
or  never  produced  any  effect  lUitil  li'oni  a.  quarter  to  three- 
quarters  of  an  hour  had  elapsed.  After  5.15  r.M.,  by  wlucli 
time  the  light  Imd  l>ecomo 

ol>6oare,     the    hvpocotyl  *'E-  '"*• 

bpgan     to     circumnutate  '"'^  ^ 

a>K)ut  the  same  spot.  The 
coutrast  between  the  two 
figures  (172  nnd  173j 
would  have  Ixeii  more 
Btrildnp,  if  they  hud  l>een 
originally  drawn  on  the 
same  eeale,  and  had  been 
equally  reduced.  But  the 
movements  shown  in  Fig. 
172  were  at  first  more  mag- 
nified, and  have  lieen  re- 
duced to  only  Due-half  of 
the  origiual  soalo;  whereaa 
those  iu  Fig.  173  were  at 
first  less  maguified,  and 
have  been  roducod  to  a 
one-third  scale.  A  tracing 
luado  at  the  same  time 
■with  the  last  of  the 
movements  of  a  eecond 
]» ypocoty  1 ,  presented  a 
Oln.sely  analogous  appear- 
ance ;  hut  it  did  not  bend 

quitesomuch  towardathe  /        *u''*«'--„  p^miV 

light,  and  it    circumnu-  »^* 

Uted  rather  more  plainly   i*^«"^'":  Caiutrimtk :  h^tiotropic  «...yemei.t 
„-    ,      .     „  .       .  Rttd  circifrattutalian  of  K  rather  rid  cctv- 

/  hfdfinx  Camirie.Tisu.-~        ^^^^^^  towarilsa  .lull  Uteral  light,  Irared 

Thosheath-likecotyledoua  on  a  tiorizciQt.-il  glfisa  from  3.15  a.m.  ^pt 

of  this  mtraocotyledonous  l^'h  *"  7-45  a.m.  17lh.    Fisure  reda«d 

,      .     „  1     i   J    c  to  oritf-thiri  of  oriiiual  scale. 

]ilant    were    selected   for  ** 

trial,  because  they  are  very  Rensitivo  to  light  and  drcnmnutafe 
well,  as  formerly  shown  (bca  Fip.  49,  p.  G3).  Although  we  felt 
no  doubt  about  the  refiiilt,  nomo  seedlinga  were  first  jilaced 
lieforo  a  south-west  window  on  a  moderately  bright  morning,  and 
tho  moTcnioutB  of  one  were  traced.     As  is  so  common,  it  moved 
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for  tho, first  i5  ra.  ia  a  zigzag  line;  it  then  frit  the  full  inflncnc^ 
of  the  light,  and  travelled  tow^ards  it  for  the  next  2  h.  SOm.  in  an 
nhnr>st  sti-aiglit  line.  The  tracing  has  not  Iwen  pri^'^n,  as  it  was 
almost  iiioutical  with  tlmt  of  Apioa  under  similar  circnm- 
htuiires  (FiR.  170).  By  uoou  it  had  liowcti  it«>If  to  its  fnU 
extent;  itthcncircnmnnlatt'daljont  llicmmcspot  and  describe;'! 
two  ellipses;  by  5  p.m.  it  had  rntrcnted  considerably  fioiu  tiro 
lif^ht,  through  the  action  of  rti>o^eotropism.  After  some  pre* 
liminary  trials  for  a^ceilftinrng  the  rij^lit  degreo  of  obscurity, 
pomo  seedlings  wei-e  jjluced  (Sept.  ICth)  beforti  a  uortli-cast 
window,  and  light  was  a^lraittcd  through  an  ordinary  linen 
and  three  muslin  blinils.  A  pencil  held  close  by  the  pot  now 
rftst  A  very  faint  filindow  on  a  wliite  card,  pointing  from  the 
window.  In  the  evening,  at  4.30,  nnd  again  at  6  p.m.,  some  of 
llio  blinds  were  removed.  In  Fig.  174  we  bhq  the  course  pursued 
under  tht  se  circumstances  by  :i  rath-^r  old  and  not  very  sensitive 
cotyledon,  1*9  inch  in  height,  which  became  nnieli  i>owed, 
but  was  never  rccitangularly  bent  towards  the  light.  From 
11  A.M.,  when  the  eky  became  rather  duller,  until  Ij,30  p.m.,  tho 
zigzagging  waa  couB])iciiuus,  and  evidently  coi:si8lcd  of  drawn- 
out  ellipaes.  After  6.30  p.m.  nud  during  tho  night,  it  retreated 
in  a  crooked  line  from  tho  window.  Another  and  younger  seed- 
ling moved  during  the  same  time  much  more  qnickly  and  to  a 
much  greater  distance,  in  an  only  slightly  zigzag  line  towards 
the  lit-iit;  by  11  a.m.  it  was  l>ent  almost  rectangularly  in  this 
direction,  and  now  circiuuiuitatcd  about  the  same  place. 

Tropixaium  majits. — Some  very  young  FO&llings,  bearing  only 
two  Icave-S,  and  therofoi-e  not  as  yet  arrived  at  the  climbing 
stage  of  growth,  were  fii-Kt  triml  iKjfore  a  north-ca-st  window  , 
witliout  any  blind.  Tho  epictjtyls  bowed  themselves  towards 
the  light  so  rapidly  that  in  little  more  than  3  h.  their  tips 
pointed  rectangiilarly  towards  it.  The  lines  traced  were  cither 
nearly  straight  or  slightly  zigzag;  and  in  tliia  latter  case  wo 
Bee  that  a  trace  of  circumuiitatiou  was  roluined  even  under  the 
infjnence  of  a  moderately  bright  light.  Twice  whilst  theBO 
epicotyla  were  bending  towards  the  window,  dots  were  ma*lo 
every  5  or  6  minutes,  in  order  to  detect  any  trace  of  lateral 
movement,  but  there  was  hardly  any;  and  the  lines  fonned  by 
thoir  jiHiction  were  nearly  stnught,  or  only  very  slig!itly  zigzag, 
08  m  the  other  parts  of  tho  tgures.  After  the  epicotyls  had 
bowed  themftelvea  to  the  full  extent  towards  the  light,  ellitisoa 
of  considerable  size  were  described  in  the  usual  luauuer. 
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After  having  seen  how  the  epirotyls  moTwi  towards  «  mwlo 
ratcly  bright  light,  ficeclh'oga  were  pUuxd  lU  7.4a  a.m.  (Sept.  7th> 
before  a  north-eatst  window,  covured  by  a  towel,  and  shortly 
afterwanis  by  an  ordimiry  linen  blind,  bnt  the  cpicotylK  still 
moved  towards  the  window.  At  9.13  a.m.  two  additionni  muslin 
bliii(U  wei-c  snspcndotl,  so  that  the  ftcodlings  rccoivod.  veij  little 
moio  lijilit  from  the  window  than  from  thti  interior  of  the  room 
Xhe  sky  varied  iu  briglilnoss,  and  tlio  seedlings  occoKiunuUy 


e-s^jn 


Fig.  175. 


s*«t' 


/0'-f</j/jn.- 


,o:ja' 


,/rwr 


jfOfJo'/iJit. 


f.w: 
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Trcptrnlvm  map<g:  heliotr'-pi-^  miTcmfnt  nnd  oirrumniiTaiiun  nf  t>iG^|>i<-"t  vl 
of  «  vrtong  seeftlini;  li-w.-ird?.  a  .hil!  Intcral  liRht,  traced  "O  a  horin'ntiil 
pl««  from  7-4S  A.M.  to  l".'10  I'.SI.  Kiyure  reduced  to  one-half  of  tin 
on){iaitlicnle. 

received  for  a  flhort  time  leas  light  from  the  window  than  from 
the  opposite  side  (as  asoertained  by  the  whadow  cast),  and  tl^cn 
onrj  of  the  Minda  waK  tomporiirily  remnved.  In  the  eveniiis 
llm  blinds  were  tiiken  fiway,  one  by  one.  The  course  purmn-il 
by  nn  epicotyl  under  these  circnmstancos  is  Rhowji  in  FjV-  175. 
During  the  whole  day,  until  6.45  pm.,  it  plainly  boweil  il^eil 
towards  the  light;  and  the  tip  moved  over  a  considemblo  piihcb. 
After  HM  cm.  it  moved  backwards^  or  from  the  window.  UU 
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10.40  P.M.,  when  the  lafit  dot  waa  made.  Here,  then,  we  have 
a  ditjtinct  holiotropic  morement,  effected  by  means  of  six 
elongated  figures  (which  if  dots  had  beun  made  every  few 
minntea  would  have  been  more  or  leas  elliptic)  directed  towards 

the  light,  with  the  ftpcx  of  each  suc- 
oeeeive  ellipBe  nearer  to  the  window 
than  the  previous  one.  Now,  if  tlie 
light  had  been  only  a  iittio  brighter, 
tbe  epiootyl  would  have  bowed  itself 
more  to  tho  liglit,  as  wo  may  Bufoly 
conclude  from  tlie  previous  trials ; 
there  would  also  have  been  Ic&s 
lateral  movement,  and  the  ellipses  or 
otLer  figures  would  have  been  drawn 
out  into  a  strongly  marked  zigzag 
line,  with  probably  one  ortwo  small 
loops  still  formed.  If  the  light  had 
hiidii  much  brighter,  wd  should  have 
liad  a  slightly  zigzag  line,  or  one 
quite  straight,  for  there  would  have 
buen  more  movement  in  tho  direc- 
tion of  the  light,  and  mach  less  from 
side  to  side. 

Sachs  states  that  tbo  older  inter- 
nodcs  of  this  Troj«GoIum  arc  apbe- 
liotopic;  we  therefore  placed  a 
plant,  113  inchea  high,  in  a  box, 
blackened  within,  but  open  on  one 
Bide  in  front  of  a  north-east  window 
without  any  blind.  A  tilamentwas 
fixed  to  the  third  interuodo  from 
the  snmmit  on  one  plant,  and  to 
tho  fourth  intornodo  of  another. 
These  intomodes  were  cither  not 
old  enough,  or  the  light  was  not  suf- 
ficiently bright,  to  induce  aphelio- 
tropism,  for  both  plants  ben*  slowly  towards,  instead  of  from 
the  window  during  four  days.  The  course,  during  two  days  of 
the  first-mentioned  intemode,  is  given  in  Fig.  176  ;  and  we  see 
that  it  either  circumnutatcd  on  a  small  scale,  or  travolled  in  a 
zigTiftg  line  towards  the  light.  "We  have  thought  this  case  of 
feuble  heliotropism  in  one  of  tho  older  intemodes  of  a  planti 


TropttoXxim  majut:  hpliotroplc 
inoremeat  au4  circutnnuta- 
tioh  of  an  old  mtcmode  to- 
wartls  n,  lateral  li^ht,  trnceil 
on  a  horizntitnl  ^In^s  from  8 

A.M.  Nov.  1{m\  to  !0  2(t  A.M. 
N«ir.  4th.  Broken  lines  ihow 
thu  aocturiTirtl  coiir^t. 
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Fig.  177.       ff>nt7^ 


which,  whilst  young,  is  so  cxtremoly  sensitive  to  light,  worth 
giving. 

Cassia  lora.  —  The  cotylodous  of  this  plant  are  eitremoly 
BGOsitive  to  light,  whilst  the 
hy]Kxx)tyls  aro  niTich  lees 
fcusitive  than  thoee  of  most 
other  seedlings,  sis  we  had 
often  observed  with  surprise, 
it  fieemed  therefore  worth 
wliild  to  trace  their  moTe- 
ments.  They  were  exposed 
to  a  lateral  light  before  a 
uorth-east  window,  which 
was  at  first  covered  merely 
by  u  luusliu  blind,  but  as 
the  sky  grew  brighter  about 
11  A.M.,  ail  aiiditional  linen 
olind  was  suspended.  Aft*r 
4  p.u.  one  blind  and  then  the 
other  was  removed.  The 
stJedliugs  were  protected  on 
each  side  and  above,  but  were 
open  to  the  diffused  light 
of  the  room  m  the  rear.  Up- 
right filaments  were  fixed  to 
the  hypocotyls  of  two  soed- 
hnga,  which  stood  vertically 
iu  the  morning.  The  accom- 
panying Jigure  (Fig.  177) 
shows  the  course  pursued  by 
one  of  them  during  two  days ; 
but  it  should  be  jmrtioularly 
noticed    that     during    the  y 

bccoikI  day  the  seedlings  were  ^am^y  4 

kept  in  dnrkucBS,  and  tliey  C^i^'a 'of^:  heliotrople  mATPment  «n.1 
then  circumnutated  round 
ne/vrly  tho  same  small  space. 
On  the  first  day  (Oct.  7lh) 
the  hypocotjl  moved  from 
8  A.M.  to  12.23  P.M.,  toward 
the  light  in  a  zigzag  iiiii>,  then  turned  abmptly  to  tho  Icfl 
and  afterwanls  described  a  small  ellipse.     Another  irn^ilar 


*'£jn7^ 


circDtnnutatinn  nl'  n  hypocotjl  (1$ 
inch  JD  bfiight)  tr&a'd  an  a  horizontAt 
plais  from  S  a.m.  to  10.10  IMI.  Oct, 
7th.  Alio  ita  driCuiuoutHtioo  in 
(larkueu  from  7  A.U.  OcL  Sth  to  7.45 
A.H   Oct.  9th. 
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ellipfw    wns   completed    between   3   p-m.  and  abont  5.30  p.m., 
the  hjpocotyj  still  bfinUng  towards  llio  light.    The  hypoL'otyl 


fig.  17  a. 


u'aa  stmight  aud  upright  in  the  morn- 
ing, but  by  6  P.M.  its  upper  half  was 
bow^id  townrda  the  light,  fio  that  tho 
diord  of  the  arc  thiia  fornnid  stood  nt 
an  arigli  of  'Mf  with  the  perpendicular. 
Aflei'  6  P.it.  its  course  waa  rcvars^jd 
through  the  action  of  apogeolropfsm, 
and  it  conlimied  to  liend  from  tho 
window  during  tho  night,  as  shown  by 
Iht  broken  line  Ou  the  next  day  it 
Mils  kept  in  tlie  dark  (excepting  when 
encli  oliptTvation  was  niadu  by  the  aid 
of  a  tuper)j  and  the  course  follonrcd 
from  7  A,u  ou  the  8th  to  7.45  a.m.  on 
Ihb  9th  is  hero  likewiso  Khown.  Tho 
dilTerence  lietwcen  the  two  parts  of  tho 
figiirc  (177),  najncly,  thiit  doscrilu'd 
during  the  daytime  ou  the  7th,  when 
exposed  to  a  rather  dim  latcriU  light, 
aud  that  on  tho  Bth  in  darkness,  is 
striking.  The  difference  ctinsisth  in  t)io 
\iui-6  during  the  first  day  having  1-eeu 
drawii  out  in  the  direction  of  the  light. 
The  movemciitB  of  the  other  needling, 
traced  under  the  eamo  circumBlaoceK, 
were  cloBoly  aimilur. 

Aphtlii/tropmn. — We  Eucceoded  in 
obs<Tving  only  two  casts  of  apbelio- 
tropipin,  for  these  are  somewhat  ran-; 
and  the  movements  arc  generally  ro 
Blow  that  they  would  liavo  boeu,  very 
troublesome  to  trace. 

l}i*jnoitia  ciipr»il<ita.—'So  organ  of 
any  plant,  as  far  as  we  hnTc  seen,  Ijeiids 
away  so  ijuickly  from  the  light  a«»  rto 
tho  tendrils  of  this  Bignonia.  Thuy 
are  also  romarkablo  from  circum- 
nntating  much  less  rcgnlarly  than 
uKist  other  tendrils,  oft4>n  Tomaininij 
etatiouai-yj  they   depend  ou  aphcliotropisui  for  cotuiug  iiito 


/ 


Difncmia  capi'eolata  :  nph«- 
Ijotropk  riuivcmtnt  of  n 
teiKiril,  traced  ou  a  hini- 
ztmtat  glass  fruiii  G.45 
A.M.  July  19t)i  t,i>  10  A.U. 
20lh.  Mnveriiftits  as 
oHirlunliy  irac*<i,  little 
ina];iiifiu>l.  here  rtiiucvil 
to  iwi^thlrcU  of  the 
ori^innl  Hi-iile. 


LTiiP.  via 


ArHKMOTIlOriSJit 


433 


roiitoct  vith  tlio  (niTikft  of  trcoA*  Tho  stem  of  a  yonng  plant 
was  tied  to  a  stick  at  the  bane  of  a  piiir  of  fino  tondrils,  wJiich 
projected  almost  vertically  upwards ;  and  it  was  placed  in 
front  of  a  north-cast  window,  being  protccte*!  on  all  other  sides 
from  tho  light.  The  tirtst  dot  yvna  tiiado  at  GA6  a.m.,  and  Ity 
755  a.m.  Iwth  tendrils  felt  tho  full  influence  of  the  light,  for 
they  moved  strai;;Iit  away  from  it  until  y.'iO  a.m.,  when  tliey 
circnmnufatcd  for  a  time,  still  moviiiji,',  Init  only  a  little,  from 
the  iight  (sec  Fig.  178  of  the  left-hand  tendril).  Aft<T  3  i'.m. 
they  again  moved  rapidly  awny  from  the  light  in  ziK^-ag  linos. 
By  a  late  hour  in  tho  evening  both  \n\d  moved  ro  fiir,  that 
tbey  pointed  in  a  direct  lino  from  the  liglit.  Dnring  tho  nigiit 
they  ix'turncd  a  little  in  a  nearly  opposite  diroctjon.  On  the 
following  morning  they  again  moved  from  the  light  and  con- 
verged, so  that  by  tho  evening  they  had  l)ecome  iut.erli>ckcd, 
Btill  ]K>inting  from  tho  Ught.  The  right-hand  tendril,  whilst 
converging,  zigzaj^ged  rnucli  more  than  the  one  fignred.  Both 
tracings  showed  that  the  apUeliotropic  muvcmout  was  a  modi* 
lied  form  of  circumnutation. 

f'l/clamen  i'ei-nicum, — Wliilst  this  plant  is  intloworthopeduncfcs 
fttand  upright,  bat  t!ieir  uppormout  imrt  is  hooked  so  that  the 
flower  itself  liangK  downwartls.  As  stwii  as  tlm  i>ods  l»cgin  to 
swell,  Ihe  iieduncles  increase  much  in  length  and  slawly  curve 
iownwartls,  hut  tho  short,  upi>er,  hrmkcd  (wirt  Rtniightcns  itself. 
Ultimately  tho  pods  reach  the  ground,  and  if  this  ia  covered 
with  inoK*  or  deail  leaves,  they  bury  themselves.  We  hove  often 
Koon  Baucer-like  depres-ious  formed  by  the  po<Is  in  damp  aaml 
or  sawdust;  and  one  pod  ("3  of  inch  in  diaTueter)  hurieil  WuM 
in  eawdust  for  thiwt-<|uartcrs  of  its  length. f  We  shall  hnva 
occneion  hereafter  to  consider  t)ie  object  jiained  hy  this  burying 
process.  Tlie  podunclos  can  change  tho  direction  of  their  cur- 
vature, for  if  a  pot,  with  plants  having  their  [Kidunoles  already 
iKUvcd  downwards,  be  placed  horizontally,  they  slowly  Iwnd 
at  right  aTigles  to  their  t'ornier  direction  towanlB  tho  cenire  o( 
the  earth.  We  thei-efore  at  first  attribute4l  the  mnvernent  to 
geotropism  ;  but  a  pot  which  had  loin  horizontally  with  the  pods 


•  'The  MoTMiiciits  nrul  lliihita 
of  CUinl>iii;;  I'lnutw,"  187-').  p.  il7. 

+  Tlio  ])eJ'int;Ies  of  sovtial 
oUiii-  B(nen6  «t'  tyi-lftuipii  twint 
the  111**- 1  Vf*  int-'-  II  Hfurc.  und  a*r- 
i;uCilii)){  lu  Crdbiuu:)  L>.tr^^hl  \,'  liu- 


Inidn  (>nn)cr>/  Canto.,  Mi.  p.  Vm\ 
Ibe  p<»ltt  I'ni-cibly  jh-iil'Ij'bIq  ilia 
i-nrtlt.  Sffi  hlau  Ctrcnior  lutrf 
(todrnn,  •H..njdeFr.iiicc,'loui  li 
p.  Ifiii. 
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All  pointing  to  the  ground,  wiis  roversecl,  being  still  tept  hori- 
zontal, so  that  tliB  podB  now  pointed  directly  upwards ;  it  was 
then  placed  iu  ii  dark  cupbonrd,  but  the  pods  still  poiutod  np- 
wards  after  four  days  and  nights.  The  pot,  in  tho  same  position, 
was  uuxt  brought  back  into  the  light,  and  after  two  days  there 
was  gome  bending  downivardfi  of  thu  ]>*!duiicles,  atid  on  the  fourth 
day  two  of  them  pointed  to  tho  contro  of  the  earth,  as  did  the 
others  after  an  additioufll  day  or  two.  Another  plant,  in  a  jKjt 
whidi  had  always  stood  upright,  was  left  in  the  dark  cupboard 
for  Bis.  days ;  it  bore  3  poduncies.  and  only  ouo  became  within  this 

Fig.  139. 


Cff'^'nen  PfTSimm:  inwnwnn\  Hphelintrnpie  movemoni  of  ■  rInwcr-peHnnrtc, 
grcntlj-  tTiAgnified  (nbotit  47  tiinen  ?},  trsci-d  on  a  harlxoaLiI  glass  from 
I  P.M.  Fell.   18th  to  8  A.M.  21lil, 

time  at  all  l>nwed  downwards,  and  that  daubffuUy.  Tho  ^xight, 
therefore,  of  tlio  pods  is  not  Iho  cauBc  of  the  bonding  down. 
This  ]K)t  wrtR  then  brought  back  intfl  tho  light,  and  after  thn»o 
days  tho  peduncles  were  considerably  bowed  downwards.  We 
ftm  ihuR  led  to  infer  that  the  downward  curvature  is  due  to 
aphdiotropism  ;  though  more  trials  ought  to  have  l)ecn  umdc. 

In  order  to  obecrvo  the  nature  of  this  movement,  a  peduncle 
hearing  a  large  pod  viUic.h  had  readied  and  rested  on  the 
gronnrt,  was  lifted  a  little  u|i  and  tenured  to  a  Ktictc.  A  filiunent 
was  fixed  across  tho  ]iud  uith  a  mark  Itcnoath,  and  its  iuot»' 
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incnt,  greatly  maguified,  was  traced  on  a  hovizuiital  glass  dtiriuK 
67  b.  T)iu  pliiut  was  illuruliiuted  during  tlie  flay  fruai  abova  A 
copy  of  the  tracing  is  given  on  p.  434  (Fig.  173);  and  there  can 
be  no  doubt  that  the  descending  moTcnicnt  is  one  of  Tnodificd 
ciruiimnatatiou,  but  on  an  estremety  small  scale.  The  obeorTA- 
Uon  was  repeated  ou  another  ]>od,  which  had  partially  buried 
itfiolf  in  sawdust,  and  which  was  lifted  up  a  quarter  of  an  inch 
ftbovc  theeurfftco;  it  described  three  very  small  circles  in  21  b. 
(.'onsidering  the  great  length  and  thinness  of  the  podiuiolet 
and  the  lightness  of  the  pods,  we  may  conclude  that  they 
would  not  be  iible  to  excavate  saucer-like  depreBsioiia  in  eaud 
or  sawdust,  or  bury  themselvefi  in  moss,  &c.,  uuleas  they  were 
aided  by  their  continaod  rocking  or  circumnntating  moTfr- 
ment. 

Relation  hetv^een  Gireumnutation  and  Heliotropism.-^ 
Any  one  who  will  look  at  tlie  foregoing  diiigrama, 
showing  the  maveiiients  of  the  stems  of  various  plants 
towards  a  kiteral  and  more  or  leas  dimmed  lij^bt,  will 
be  forced  to  admit  that  ordinary  circumnutatiiju  and 
hfliotropisni  graduate  into  one  another.  When  a 
plant  is  exposed  to  a  dim  lateral  light  and  continues 
during  the  whole  day  bending  towards  it,  rtcedtng 
late  in  the  evening,  tlie  movement  unqueslioiinbiy  is 
une  of  heliotropism.  Now,  in  the  case  of  Tropiuohim 
(Fig.  175)  the  stem  or  epicotyl  obviously  eiieumuu- 
tated  during  the  whole  day,  and  yet  it  continued  at 
the  same  time  to  move  heliotropically ;  this  lattei 
movemeot  being  efiVcited  by  tine  apux  of  each  succes- 
sive elongated  figure  or  ellipse  standing  nearer  to 
the  light  than  the  previous  one.  In  the  case  of 
Cassia  (Fig.  177)  the  comparison  of  the  inuvt^ment  ot 
the  hypocotyl,  when  exposed  to  a  dim  lateral  light  and 
to  darkness,  is  very  instructive ;  as  is  that  between 
the  ordinary  circumnutating  movement  of  a  seedling 
lirassica  (Figs.  172,  173),  or  that  of  Phalaris  (Figs. 
49,  174),  and  their  heliotropic  movement  towards  a 
window  (irotec'ted    by  blinds.     In    buth   these    cases 
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uiid  iu  many  others,  it  was  interesting  to  notice  bou 
gradually  the  sterna  began  to  eircuuinutate  as  the 
light  waned  in  the  evening.  We  have  therefore  manj' 
kinds  of  gradations  from  a  movement  towards  tlie  lights 
whioh  must  be  considered  as  one  of  circumnutation 
very  slij^htly  modified  and  still  consisting  of  ellipses 
or  circleSj — though  a  movement  more  ur  loss  strongly 
zigzag,  with  loops  or  ellipses  occasionally  formed, — to 
a  nearly  straight,  or  even  quite  straight,  heliotropir 
course. 

A  plant,  when  exposed  to  a  lateral  light,  though 
tliis  may  bo  bright,  commonly  moves  at  first  in  a 
zigzag  line,  or  even  directly  frum  the  liglit;  and 
this  no  doubt  is  due  to  its  circumnutatiug  at  the 
time  in  a  direction  either  oi>posite  to  the  source  of 
the  light,  or  more  or  less  transversely  to  it.  As  soon, 
however,  us  the  direction  of  the  circumnutatiug  move- 
ment nearly  coincides  with  that  of  Die  entering  light, 
the  plant  bends  in  a  straight  coui'se  towards  the  light, 
if  this  id  bright.  The  course  appears  to  be  rendered 
more  and  more  rajiid  and  rectilinear,  in  accordance  with 
the  degree  of  brightness  of  the  light — firstlj-,  by  the 
longer  axes  of  the  elliptical  figures,  which  the  plant 
continues  to  describe  as  long  as  the  light  remains  very 
dim,  being  directed  more  or  loss  accurately  towanls 
its  source,  and  by  each  successive  ellipse  being  dn- 
scribed  nearer  to  the  light.  Secondly,  if  the  light 
is  only  somewhat  dimmed,  by  the  acceleration  and 
increase  of  the  movement  towards  it,  and  by  tiio 
retardation  or  arrestment  of  that  from  the  light,  somo 
lateral  movement  being  still  retained,  for  the  light 
will  interfere  less  with  a  movement  at  right  angles 
tj  its  direction,  thati  with  one  In  its  own  direction.' 


♦  T:i  Lis  paper,  *  Ut-l>or  otltm- 
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The  result  is  that  the  course  is  rendered  more  or  less 
Eigziig  iiufl  unefju.il  in  rate.  Lastly,  when  tho  li^ht 
is  very  bright  all  IuIltuI  movement  is  lost;  nnd  tho 
whole  eiiorgy  of  thf  [iliint  is  expended  in  rendering 
tlie  circumnutating  movement  rectilinear  and  rapid  in 
yne  direction  alone,  namely,  towards  the  light. 

The  common  view  seems  to  be  that  heliotropism  in 
a  quite  distinct  kind  of  movement  from  circumauta- 
tion ;  and  it  may  be  urged  that  in  the  foregoing 
diagrams  we  see  heliotropism  merely  combined  witl», 
or  superimposed  on,  circumnutatiom  But  if  so,  it  must 
be  assumed  that  a  bright  Intersil  light  completely 
stops  circumnutatioii,  for  a  plant  thus  exposed  moves 
iu  a  straight  line  towards  it,  without  describing  any 
ellipses  or  circles.  If  the  light  be  somewhat  obscured, 
though  amply  sufficient  to  cause  the  plant  to  bend 
towards  it,  we  have  more  or  less  plain  evidence  of  still- 
continued  circummitation.  It  must  further  be  assumed 
that  it  is  only  a  lateral  light  which  has  this  extraor- 
dinary power  of  stopping  circumnutation,  for  we  know 
that  the  several  plants  ahovc  experimented  on,  and 
all  the  others  which  were  <jbserred  by  us  whilst  grow- 
ing, continue  to  circumnutute,  however  bright  the  light 
may  be,  if  it  comes  from  above.  Nor  should  it  be 
forgotten  that  in  the  life  of  each  plant,  circuumuta- 
tion  precedes  heliotropism,  for  hypocotyls,  npicotyls, 
and  petioles  circumnutate  before  they  have  broken 
through  the  ground  and  have  ever  felt  the  influence  of 
light. 

We  arc  therefore  fully  justified,  as  it  seems  to  us,  in 
bclioving  that  »lienever  light  enters  laterally,  it  is  the 


IS7'J1,  t^ichs  bns  Hif^maied  the 
uittuner  in  wliioL  ^'entiopisin  nnd 
Loliutr<'i»i8iii  arc  afl' ctod  by  dlf- 
ICKoct-K   ill  the  aiiulcs  at   ^Uiioh 


llie  orgnna  of  plnnts  stfiml  witli 
rcepwt  to  the  di recti  u  of  th« 
iuciJeut  furce. 


iJ8 


MODIFIED  OIBOUMNUTATION. 


Ciup.  VIIL 


movement  of  circiimnutation  which  gives  rise  to,  or  ia 
converted  into,  heliotropism  and  apheliotropism.  On 
thia  view  we  need  not  assume  againat  all  analogy  that 
a  lateral  light  entirely  stops  circumnutation ;  it  merely 
t'xtiitea  the  plant  to  modify  its  movement  for  a  time 
in  a  beneficial  manner.  The  existence  of  every  ix)3- 
aible  gradation,  between  a  straight  courao  towards  a 
lateral  light  and  a  course  consisting  of  a  series  of  looi>3 
or  ellipses,  becomes  perfectly  intelligible.  Tiaally, 
the  conversion  of  circumnutation  into  heliotropism  or 
apheliotropism,  is  closely  analogous  to  what  takes  place 
with  sleeping  plants,  which  during  the  daytime  de- 
scribe one  or  more  ellipses^  often  moving  in  zigzag  Unea 
and  making  little  loops ;  for  when  they  begin  in  the 
evening  to  go  to  sleep,  they  likewise  expend  all  their 
energy  in  rendering  their  course  rectilinear  and  rapid. 
In  the  case  of  sleep-movements,  the  exciting  or  regu- 
lating cause  is  a  difference  in  the  intensity  of  the 
light,  coming  fi'om  above,  at  different  periods  of  the 
twenty-four  hours;  whilst  with  heliotropic  and  aphe*  i 
lioti'opic  movements,  it  is  a  difference  in  the  intensity 
of  the  light  on  the  two  sides  of  the  plant. 

'Transversal-heliotropisiMts  {of  Fmnh  *)  or  DiaJtelio- 
tropistn. — The  cause  of  leaves  placing  themselves 
more  or  less  transversely  to  the  light,  with  their 
upper  surfaces  directed  towards  it,  has  been  of  late 
the  subject  of  much  controversy.  We  do  not  here 
refer  to  the  object  of  the  movement,  which  no  doubt 
is  that  their  upper  surfaces  may  be  fully  illuminated^ 
but  the  means  by  which  this  position  is  gained. 
Hardly  a  better  or  more  simple  instance  can  be  given 
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of  diaheliotropism  than  that  offered  by  many  seed- 
lings, the  cotyledons  of  which  are  extended  liori- 
zoutally.  When  tlicy  first  burst  (lom  their  seed-coats 
they  are  in  contact  and  stand  in  various  positions, 
often  vertically  upwards ;  they  soon  diverge,  and  this 
is  effected  by  epinasty,  which,  as  we  liave  seen,  is  a 
modified  form  of  circnninutation.  After  they  have 
diverged  to  their  full  extent,  they  retain  nearly  tho 
same  position,  though  brightly  illuminated  all  day 
long  from  above,  with  their  lower  surfaces  close  to  the 
ground  and  thug  much  shaded.  There  is  therefore  a 
great  contrast  in  tho  degree  of  illumination  of  their 
upper  aud  lower  surfaces,  and  if  they  were  heliotropic 
they  would  bend  quickly  upwards.  It  must  not,  how- 
ever, be  supposed  that  such  cotyledons  are  immovably 
fixed  in  a  horizontal  position.  AVhen  seedlings  are 
exposed  before  a  >vindow,  their  hypocotyls,  which  are 
highly  heliotropic,  bend  quickly  towards  it,  and  the 
upper  surfaces  of  their  cotyledons  still  remain  ex- 
posed at  right  angles  to  the  light ;  but  if  the  hypo- 
cotyl  is  secured  so  that  it  cannot  bend,  the  cotyledons 
themselves  change  their  position.  If  tho  two  are 
placed  in  the  line  of  the  entering  light,  the  one 
furthest  iram  it  rises  up  aud  that  nearest  to  it  often 
sinks  down ;  if  placed  transversely  to  the  light,  they 
twist  a  little  laterally ;  so  that  in  every  case  they 
endeavour  to  place  their  upper  surfaces  at  right  anglt^ 
to  the  light  So  it  notoriously  is  with  the  leaves  on 
plants  nailed  against  a  wall,  or  grown  in  front  of  a 
window.  A  moderate  amount  of  light  suffices  to  in- 
duce such  movements ;  all  that  is  necessary  is  that  the 
light  should  steadily  strike  the  plants  in  an  oblique 
direction.  With  respect  to  the  above  twisting  move- 
ment of  cotyledons,  Frank  lias  given  many  and  much 
more  striking  inBtanccs  in  tho  ciise  of  the  leaves  on 
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brauclies  which  had  bc*^n  fastened  in  rariotis  positiuna 
or  turned  upside  down. 

]ii  our  observatiuus  ou  the  cotyledons  of  seedling 
plaiils,  we  often  felt  Burj)riae  at  tlieir  persistent  hori- 
zontal position  during  the  day,  and  were  convinced 
Ix^f'ure  we  had  read  Frank's  essay,  that  some  special 
explanation  was  necessary.  JJe  Vrios  has  shown" 
that  the  more  or  less  horizontal  position  of  leaves  is 
in  most  cases  influenced  by  epinasty,  by  their  own 
weight,  and  by  tipoguotropism.  A  young  cotyledon 
or  leaf  after  bursting  free  is  bi*ought  down  into  its 
proper  position,  as  atrendy  remarked,  by  epinasty, 
whi(!h,  according  to  Dc  Vrics,  long  continues  to  act 
on  the  midribs  and  petioles.  Weight  can  hardly  bo 
influential  in  the  ease  of  cotyledons,  except  in  n  few 
cases  presently  to  be  JiicntiiKied,  but  must  be  so  with 
birge  and  thick  leaves.  With  respect  to  apogeotropism, 
De  Vrics  maintains  that  it  generally  atmes  into  play, 
and  of  this  fact  we  shall  preseutiy  advance  some 
indirect  evidence.  But  over  these  and  other  constant 
forces  we  believe  that  there  is  in  ninny  cases,  but  we 
do  not  say  in  all,  a  preponderant  tendency  in  leaves 
and  cotyledons  to  place  tbemselves  more  or  less  trans- 
versely with  respect  to  the  light. 

In  the  cases  above  alluded  to  of  seedlings  exposed 
to  a  lateral  light  with  their  hypocotyls  secured,  it  is 
impossible  that  opiuusty,  weight  and  apogeotropism, 
either  in  opposition  or  combined,  can  be  the  cause  of 
the  rising  of  one  cotyledon,  and  of  the  sinking  of  the 
other,  since  the  forcca  in  question  act  equally  on  both  ; 
and  since  epinasty,  weight  and  apogeotropism  all  act 
in  a  vertical  plane,  they  cannot  cause  the  twisting  of 
the   petioles,   which   occurs   in    seedlings   under   the 

*  •ArbeiUin  dot  But.  I'letituU  in  Wuizburg/  Heft.  U.  1872,  pp 
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above  conditions  of  illumination.  AH  these  movements 
evidently  depend  in  some  maimer  on  the  obliquity  of 
the  light,  but  cunuot  bo  called  heliotropic,  as  this 
implies  bending  towards  the  light;  whereas  the  coty- 
leilon  nearest  to  the  light  bends  in  an  opposed  diruc- 
tiou  or  downwards,  and  botli  phxce  themselves  as  nearly 
as  possible  at  right  angles  to  the  light.  The  move- 
ment, therefore,  deserves  a  distinct  name.  As  coty- 
ledons and  leaves  are  continually  oscillating  up  and 
down,  and  yet  retain  all  day  long  their  proper  position 
witli  their  upper  surfaces  directed  transversely  to  the 
light,  and  if  displaced  reassume  this  position,  iliu- 
heliotropism  must  be  considered  us  a  modified  form  of 
circumuutation.  This  was  often  eWdent  when  the 
movements  of  cotyledons  standing  in  front  of  a  window 
were  traced.  We  see  sometliing  analogous  iu  the  case 
of  sleeping  leaves  or  cotyledons,  wliich  after  oscillating 
up  and  down  during  the  whole  day,  rise  into  a  vertical 
position  late  in  the  eveuiug,  and  on  the  Ibllowing 
morning  sink  down  again  into  their  horizontal  or  dia- 
heliotropic  position,  iu  direct  opposition  to  heliotto- 
pism.  This  rettim  into  their  diurnal  position,  which 
often  requires  an  angalar  movement  of  90",  is  analo- 
gous to  the  movement  of  leaves  on  displaced  branches, 
which  recover  their  former  positions.  It  deserves 
notice  tlitit  any  force  such  as  apogeotropism,  will  act 
with  dilTerent  degrees  of  power*  in  the  different  posi- 
tions of  those  leaves  or  cotyledons  which  osciilato 
largely  up  and  down  during  the  day ;  and  yet  they 
i-ecover  their  Iiorizontal  or  diaheliotropic  position. 

We  may  therefore  conclude  that  diaheliotropic 
movements  cannot  be  fully  exi*laiiied  by  the  direct 
action  of  light,  gmvitation,  weight,  &c.,  any   more 
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tkan  can  llio  uyctitropic  luovcmouts  of  cotyledons 
ttiid  leaves.  In  the  latter  case  they  place  themselves 
80  that  their  upper  surfaces  may  radiate  at  night 
as  little  as  possible  into  open  space,  with  the  upper 
Burfaces  of  the  opposite  leaflets  often  in  contact.  These 
movements,  which  are  sometimes  extremely  complex, 
are  regulated,  though  not  directly  caused,  by  the  aiter- 
uations  of  light  and  darkness.  In  the  case  of  diahelio- 
tropism,  cotyledons  and  leaves  place  themselves  so 
that  their  upper  surfaces  may  be  exposed  to  the  light, 
and  this  movement  is  regulated,  though  not  directly 
caused,  by  the  direction  whence  the  light  proceeds.  In 
both  cases  the  movement  consists  of  circumuutatiou 
modified  by  innate  or  constitutional  causes,  in  tha 
same  manner  as  with  climbing  plants,  the  circumnu- 
tatian  of  which  is  increased  in  amplitude  and  rendered 
more  circular,  or  again  with  very  young  cotyledons 
and  leaves  which  are  thus  brought  down  iuto  a  hori- 
zontal position  by  epiuasty. 

We  have  hitherto  referred  only  to  those  leaves  and 
cotyledons  which  occupy  a  permanently  horizontal 
position;  but  many  stand  more  or  less  obliquely,  and 
some  few  upright.  The  cause  of  these  difterencea  o( 
position  is  not  known ;  but  in  accordance  with  Wiesner'a 
views,  hereafter  to  be  given,  it  is  probable  that  some 
leaves  and  cotyledons  would  suffer,  if  they  were  fnlly 
illuminated  by  standing  at  right  angles  to  the  light. 

We  have  seen  in  the  second  and  fourth  cliapters 
that  those  cotyledons  and  leaves  which  do  not  alter 
thoir  positions  at  night  sufficiently  to  be  SJiid  to  sleep, 
commonly  rise  a  little  in  the  evening  and  fall  again 
on  the  next  morning,  so  that  they  stand  during  tlie 
night  at  a  rather  higher  inclination  than  during  the 
middle  of  tha  day.  It  is  incredible  that  a  rising 
movement  of  *2°  or  3**,  or  even  of  lO"^  or  20',  can  be  of 
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any  service  to  the  plant,  so  as  to  have  been  specially 
acquired.  It  muat  be  the  result  of  some  pcrioilical 
change  in  the  conditions  to  which  they  iire  subjucted, 
end  there  can  hardly  be  a  doubt  that  this  is  the  daily 
alternations  of  light  and  darkness.  De  Vries  states  in 
the  paper  before  referred  to,  that  most  petioles  and 
midribs  are  apogeotropic  ;*  and  apogeotropism  would 
account  for  the  above  rising  movement,  which  is  com- 
mon to  so  many  wLdely  distinct  apetiies,  if  we  suppose  it 
to  be  conquered  by  diaheliotropism  during  the  middle 
of  the  day,  as  long  as  it  is  of  importance  to  the  plant 
that  its  cotyledons  and  leaves  should  be  fully  exjinaed 
to  the  light.  The  exact  hour  in  the  afternoon  at  which 
they  begin  to  bend  slightly  upwards,  and  the  extent  of 
the  movement,  will  depend  on  their  degree  of  sen- 
sitiveness to  gravitation  and  on  then*  power  of  resist- 
ing its  action  during  the  middle  of  tho  day,  as  well  as 
on  the  amplitude  of  their  ordinary  ch'cumnutating 
movements;  and  as  these  qualities  differ  much  in  dif- 
ferent species,  we  might  expect  that  the  hour  in  the 
afternoon  at  which  they  begin  to  rise  would  differ 
much  in  dilTerent  species,  as  is  the  case.  Some  other 
agency,  however,  besides  apogeotropism,  muat  come 
into  play,  either  directly  or  indirectly,  in  this  upward 
movement.  Thus  a  young  bean  {Vicia  faba)^  growing 
iu  a  small  pot,  was  placed  in  front  of  a  window  in  a 
klinostat ;  and  at  night  the  leaves  rose  a  little,  although 


•  According  to  Frank  ('  Dio 
n:)t.  Wneerfclito  Kletitunfc  vou 
PlUiuzcuUioilen.'  1870,  p.  40)  tlie 
ront-Ienves  of  mauy  |iLiiitB,  kept 
in  (lorkncss.  riHu  up  Qn<l  evmi  he- 
njiiio  Torticiil ;  nnd  so  it  i^  in  aoiito 
cna4.'s  with  ahoota.  (See  Hauwf  n- 
lii»ff,  'An^iivfs  NL-erlanrlBibOs.* 
tniii  xii. !».  3..'.)  Tlireomr^vcmidta 
inilicute  Bpogeotropism ;  butvrUoa 


oriKflns  havehcon  lonpkppt  in  tho 
(lurk,  tho  mnnuiit  of  wiitor  aad  of 
niincml  matter  which  thoy  cmiii" 
tiiin  i»  »o  much  ult^iruti,  und  their 
icgulni  growtli  ia  so  much  du' 
turbfd,  tibut  it  is  pL-rliupe  msli  to 
infvr  frijiu  their  mfivcnifiit-s  what 
wniild  ocnur  under  nonuHl  om- 
ditinns.  (Set)  Gutllewiski.  *  Uob 
Zoituiig,'  Feb.  14th,  187&.) 
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tbe  action  of  apogootropism  was  quite  eliminated. 
Nevertheless,  they  did  not  rise  nearly  so  much  at 
night,  as  when  subjected  to  upognotropisra,  la  it 
nut  possible,  or  even  probable,  that  leaves  and  coty- 
h.'dons,  which  have  moved  upwards  in  the  evening 
through  tlie  tiction  of  apogeotropism  duriug  countless 
generations,  may  inherit  a  tendency  to  this  movement? 
Wo  have  seen  that  the  hypocotyls  of  several  Legu- 
minous phmts  have  from  a  remote  period  inherited  a 
tendency  to  arch  themselves;  and  wo  know  that  tho 
slcep-movcraonts  of  leaves  aro  to  a  certain  extent 
inherited,  independently  of  the  alternations  of  light 
and  darkness. 

In  our  observations  on  tho  circamnutation  of  those 
cotyledons  and  leaves  which  do  not  sleep  at  night,  we 
met  with  hardly  any  distinct  cases  of  their  sinking 
a  little  in  the  evening,  and  rising  again  in  the  mom* 
ing, — that  ia,  of  movements  the  reverse  of  those  just 
discussed.  We  have  no  doubt  that  such  cases  occur, 
inasmuch  as  the  leaves  of  many  plants  sleep  by 
sinking  vertically  downwards.  How  to  account  for  the 
few  cases  which  were  observed  must  be  left  doubtful. 
The  young  leaves  of  Gannahh  sativa  sink  at  night 
between  30°  and  40"  beneath  the  horizon ;  and  Xrans 
attributes  this  to  epiuasty  in  conjunction  with  tho 
abaorjition  of  wat^^r.  Whenever  epiuastic  growth  is 
vigorous,  it  might  conquer  diaheliotropism  in  the 
evening,  at  which  time  it  would  bo  of  no  import- 
ance to  tho  plant  to  keep  its  leaves  horizontal. 
Tho  cotyledons  of  Anoda  WHfjhtii,  of  one  variety  of 
Oossypium,  and  of  several  species  of  Ipomoco,  remain 
horizontal  in  tho  evening  whilst  they  are  very  young ; 
as  they  grow  a  little  older  they  curve  a  little  down- 
wards, and  when  large  and  heavy  sink  so  much  tliat 
they  come  under  our  defiuition  of  sleep.    In  the  case  of 
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the  Anoda  and  of  sume  si>eciesof  Tpomrpa,  it  was  proved 
tiiat  the  downward  luovmnent  did  nut  depend  on  tlie 
weiglit  of  the  cotyledons ;  but  from  the  fact  of  the  movc^ 
meat  being  st)  much  luore  strongly  pronoiincod  after 
the  cotyledons  have  grown  large  and  heavy,  wo  miiy 
euspect  that  their  weight  aboriginally  jdayed  some  part 
in  dotcrrainiug  that  the  modificutiuu  of  the  eirnuHi- 
nutatiug  movement  should  be  in  a  downward  direction. 
The  so-called  Diurnal  Sleep  of  LeaveSj  or  Parahelio- 
iropism. — This  is  another  class  of  movements,  de]>endent 
on  the  action  of  light,  wliich  supports  to  some  extent 
the  belief  that  the  movements  above  described  are 
only  indii'ectly  due  to  ita  action.  We  refer  to  the 
moTemeuts  of  leaves  and  cotylc<lon8  which  when 
moderately  illuminated  are  dialioliotropic;  but  which 
change  their  positions  and  present  tiieir  erlges  to  the 
]ight,  when  the  sun  shines  brightly  on  them.  I'hcse 
movements  have  st)nietime3  been  called  diurnal  sloop, 
but  they  differ  wholly  with  respect  to  the  object 
gained  from  those  properly  called  nyctitropic;  and  in 
some  cases  the  position  occupied  during  the  day  is  the 
reverse  of  that  during  the  night. 

It  has  long  been  known  *  that  when  tlio  sun  shines  brightly 
on  tho  leaflets  of  Hohinia,  they  rise  up  and  present  their  edgca 
to  the  light;  whilst  their  position  at  night  is  vertically  down- 
wards. Wo  httvtj  ohserred  the  same  mnvemout,  wlien  the 
Rim  phono  hrightjy  on  the  leaflets  of  an  Australian  Acnciii, 
Those  of  AmphicarjHXM  mmtclca  turned  their  edges  to  the  sun; 
and  an  analogous  movement  of  the  little  almost  rudimentary 
hasul  loafTfjts  of  ^/I'mofirt  afhi'tlavras  on  one  occasion  soniiiiil  that 
it  could  Ite'difitinctly  soon  through  n  lens.  Tlie  elmigarcd,  iiiii- 
foliate,  first  leaves  of  Fhaseohta.  Jhrj-hitrghU  stood  at  7  a.m.  at  20° 
above  the  horizon,  and  no  doubt  they  aflerwarJa  Rank  a,  hltlo 
luwer.    At  noon,  after  haviug  been  ciposoii  for  about  2h.  to 


.*  Pfi?f&r  (tlvei  the  nnmet  fiit<l  Hiitcsof  Mr<-Tm1  ancient  writers  in  h(i 
•Die  Pcrio'lW-hen  BQwcgungca,'  l!J7a,  p. 02. 
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a  briglit  buti,  tliey  stood  at  56°  alwvc  the  horizon;  thoy  were 
tlien  protected  from  the  rays  of  the  euu,  but  were  left  •ffell 
illimiiiiateJ  from  al)Ove,  and  after  30  m.  thoy  had  fallen  40'',  for 
they  now  stood  at  only  16'''  alwvo  the  Iiorizou.  Some  young 
j^lants  of  Fhastolus  IJernandfsii  had  been  exposed  to  the  samo 
bright  sunlight,  and  their  broad,  umfoUalej  first  leaves  now 
stood  np  almost  or  quite  Tcrtically,  as  did  many  of  the  leaflets 
on  the  trifuliftte  Keeondary  leaves ;  but  somo  of  the  leaflets  had 
twisted  round  od  tiicir  own  nxes  hy  as  nnich  as  UO^  without 
rising,  bo  as  to  present  their  edges  to  the  sun.  The  leaflets  ou 
the  same  leaf  sonietimea  behaved  in  these  two  different  nmnners, 
Init  always  with  the  result  of  l>eing  less  intensely  illuminated. 
These  plants  were  then  protected  from  the  snn,  and  were  looked 
at  after  14  h.;  aiid  now  all  the  leaves  and  leaflets  had  re- 
assumed  their  ordinary  Bub-tiorizontul  positions.  The  copjier- 
nolaurod  cotyledons  of  somo  seedlings  of  t'asat'a  minwsoides  were 
horizontal  iu  the  raarning,  hut  after  the  sun  had  Bhone  on 
them,  each  had  risen  454°  above  the  horizon.  The  movement 
in  these  several  cases  must  not  be  confounded  with  the  eudden 
clesinp  of  the  leaflets  of  Afimasa.  pitdica,  Tvhich  may  soraetimea 
be  noticed  when  a  plant  wliich  has  been  kept  in  an  obscuro 
place  ia  suddenly  exposed  to  the  sun ;  for  in  this  case  the  light 
eeems  to  act,  as  if  it  wore  a  touch. 

From  Prof.  Wiesner'a  interesting  observations,  it  is  probable 
that  tlie  above  movementa  have  been  aw^uired  for  a  special 
purpose.  The  chU>ro]>hyll  in  leaves  is  often  injured  by  too 
intense  a  light,  and  Prof.  Wiefsner*  believes  that  it  is  protected 
by  the  most  diversified  moans,  such  as  the  presence  of  hairs, 
colouring  matter,  &c.,  and  amongst  other  meiiua  liy  the  leaves 
prescntiug  their  edges  to  the  sun,  so  that  the  blades  then 
retieive  much  less  light.  He  exjwrimentud  on  the  joung  leaflets 
of  Eobinia,  by  fisinp  them  in  such  a  position  that  thoy  could 
not  escape  being  intensely  illuminated,  whilst  others  were 
flllowe<l  to  place  themselves  obliquely;  and  the  former  began  to 
suJTur  rr<mi  the  light  in  the  course  of  two  days. 

In  the  cases  above  given,  the  leaflets  taavo  either  upvanla 


•  '  Die  Naturlichoc  Eiiirioh- 
tuiigitn  zuiit  &c]iut:6(i  dva  Ciiloni- 
pliyllV  At'-,  187*i-  PrinKBhoim 
lioa  reconlly  observer!  unrler  tlio 
micmsooj'O  the  dtutruotion  of 
ehlnrophyil  iu  a  few  muLUtcB  by 


the  Kction  of  conconhratod  H^^lit 
fmni  thb  sun,  in  the  prcMfiice  ol 
oxyg,-u.  See,  alao,  Stalil  im  the 
priitcptkin  uf  rliliir>jili\ll  frmn 
iatoKad  hgUt,  in  *But.  i^itauiL 
18S0. 
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nr  twii>t  Iftterally,  so  as  to  place  tlieir  odges  iu  the  dii'ectiou  uf  the 
Buu's  light;  but  Colm  long  ago  observed  that  the  loafluts  of 
Os.'ilis  bend  downwariLa  wheu  fullif  cxpo&ed  to  the  Bun.  Wo 
wilniRsed  a  strikiin^  instance  of  this  movement  in  the  vci-y 
large  Iwiflels  nf  U.  Ortctji-sii.  A  similar  moveiiieiit  may  frt- 
<H,uiiLly  be  obscrvo<l  with  the  leaflets  of  Averrhoa  hiliiuUi  (.i 
member  of  the  OxaUdie);  and  a  leaf  ia  here  rtspresentod  CFij;* 
laO)  on  wliich  the  sun  liad  shoiio.  A  diagram  (Fig.  13-1)  wiw 
given  in  the  last  chapter,  lepresonting  tho  oscillations  by  wliich 
a  leallet  rapidly  descended  under  these  cireumstaiiocs;  and  tho 
luovomcct  may  bo  eoen  closely  to  resomblo  that  (Fig.  138)  bv 

Kit;.  180. 


•^< 


Averrhm  hIVmbi :  Icnf  with  iMfleti  dcjirossefl  after  oxpiwnrc  tosna^hin^j 
Uut  tlie  leaflets  ri'c  iiDmetim«x  tnorfi  (lc|)i'c«9e'l  than  is  liure  rliuwH. 
Figure  mucli  reiiuced. 

which  it  asfiiimcd  its  nocturnal  positjon.  It  is  an  interesting 
fact  in  relation  to  our  pi^eseiit  Rufyect  that,  as  Pixjf.  Batalin 
informs  us  in  a  letter,  dated  Febiniary,  1870,  tho  leafieta  of 
Oxalic  acftostlhi  may  be  daily  oxpoE;pd  to  tho  fiun  during  many 
weeks,  and  they  do  not  suffer  if  they  arc  allowed  to  depress 
themselves;  but  if  this  lie  prevented,  thoy  lose  their  colour  and 
wither  in  two  or  three  days.  Yet  the  duration  of  a  loaf  i.s  abotit 
two  months,  when  subjected  only  to  difTuHed  light;  and  in  this 
ca&o  tho  leaflets  itcvor  sink  downwards  daring  the  dny 

Ab  the  upward  movements  of  tlio  leaflets  of  Koblui.i, 
and  the  don*nward  ninvemonts  of  those  of  Oxalis,  have 
biien  proved  to  bo  highly  l)eneficial  to  these  phinis 
wheu  subjected  to  brif2:]it  sunshine,  it  seems  probable 
that  tbey  liave  Ix^en  noquired  for  the  speeial  purpose 
of  avoiding  too  intense  an  ilhimination.  As  it  woulrl 
liare  been  very  troublesomo  in  all  the  above  cases  to 
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have  watched  for  a  fitting  opportunity  and  to  have 
traced  the  movement  of  the  leaves  whilst  they  were 
fully  exposed  to  the  sunshine,  we  did  not  ascertain 
whether  paraheliotropiam  always  consisted  of  modi- 
fied, circumnutation ;  but  this  certainly  was  the  case 
with  the  Averrhoa,  and  probably  with  the  other  speciea, 
as  their  leaves  were  continually  circummitatingr. 
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CHAPTER  IX. 

BeSSITTTEIIEV  or  PLAXTS  TO  LiaOT:  ITS  TBAHEOnTTED  RmoTC, 

L'ies  of  hettotmpiani — In^-ctivorous  and  olimbing  planU  not  l)<iiotn.)|>la 
— SROie  oru»ii  lidiiitmpio  ut  one  age  and  nul  at  another— txtru> 
ordin.iiirBcnsitiTt-nessoraome  plants  tn  Itght — The  i-ffects  of  light  do 
Dot  cotre&pond  with  iU  intt-UbUy—  EttV-oU  of  previous  illununaliou 
•^Time  retiuirud  for  the  actiun  of  light— AftiT-ffffcls  of  light — 
Apogootropi.'-m  acts  ua  srntn  as  li'^ht  (alls — Arvunify  with  frhich 
plaotA  bend  to  tUu  li^^lit — Thi^  di-pondent  on  the  illiiniination  of 
one  whole  hide  of  tho  port — IitJcaliEied  si  naitiTO[ii-«a  to  light  and  Ita 
ttansniittKl  elltrcU— Ootyleikns  of  I  hnlnris,  mnoner  of  btudinp — 
Bt-«ult8  of  the  exotusiuii  o(  li-^ht  fruni  Uteir  tips — KfTcrts  trans- 
milled  hennitli  th«  Burf.tce  of  tho  pround — lateral  Uloniiiiatioii  of 
tlie  tip  dLtt'rmines  the  direclion  of  the  ciirvatnie  of  llio  bueo— Coty- 
ledons of  Avtfiiu.  L-ur\atuiv  of  basal  part  due  to  tliu  illtmiination  of 
npper  part — Similar  n^aults  with  tho  hypocotyls  o(  Brnssicn  and 
Betb— Kadlctca  nf  Rianpis  nphcliotropio,  due  to  the  senMtiTi-acss  of 
their  tipii — Oourlu-Jiug  n-marks  and  suiumory  of  rhapter — Meiktis 
by  which  cin-iim nutation  ka«  boea  converted  into  hdiolropistu  or 
Bpheliotrupicm . 

No  one  can  look  at  the  plants  growing  on  a  bank  or 
on  the  borders  of  a  thick  wood,  and  doubt  that  the 
young  stems  and  leaves  place  themselves  so  that  the 
leaves  may  be  well  illnminated.  They  are  thus  enabled 
to  decompose  carbonic  acid.  But  the  sheath-like  coty- 
ledons of  some  Gramineffi,  for  inatanrje,  those  of  Pha- 
iaris,  are  not  green  and  contain  very  little  starch  ; 
from  which  fact  we  may  infer  that  they  dccomposo 
littlo  or  no  carbonic  acid.  Nevertheless,  they  are  ex- 
tremely heliotropic ;  and  this  probably  serves  them  in 
another  way,  namely,  as  a  gnitlo  from  the  buried  seeila 
through  fissures  in  the  ground  or  through  overlying 
masses  of  vegetation,  into  the  light  and  air.   This  viev 
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iR  streugthened  by  the  fact  that  with  Phivlaria  and 
Avemv  tho  first  true  leaf,  which  is  bright  green  and  nc 
doubt  decomposes  carbonic  acid,  exhibits  hardly  u 
trace  of  licliotropism.  Tho  holiotropic  movemeuts  oi 
many  other  seedlings  probubly  aid  them  in  Ijko 
manner  in  emerging  from  the  ground  ;  for  apogco* 
tropi?m  by  itseli'  would  blindly  guide  them  upAvarda, 
agiiir.st  any  overlying  obstacle. 

llLdiotropism  prevails  bo  extensively  among  the 
higher  plants,  that  thoro  are  eK.tremely  few,  of  which 
some  part,  either  the  stem,  flower-peduncle,  petiole, 
or  leaf,  does  not  bend  towards  a  lateral  lightw 
Vrosera  rotundlfoHa  is  one  of  tho  few  plants  tho 
leaves  of  which  exhibit  no  trace  of  heliotropism.  Nor 
CouJd  we  see  any  in  Diouaja,  though  the  plants  were 
not  so  careftdly  observed.  Sir  J.  Hooker  exposed  tho 
pitchers  of  Sarraceuia  for  some  time  to  a  lateral  light, 
but  they  did  not  bend  towards  it.'  We  can  understand 
tho  reason  why  tlieso  insectivorous  plants  should  not 
be  heliotropic,  as  they  do  not  live  chiefly  by  decom- 
posing carbonic  acid  ;  and  it  is  much  more  important 
to  them  that  their  leaves  should  occupy  the  best 
position  for  capturing  insects,  than  that  they  should 
be  fully  exposed  to  the  light. 

Tendrils,  which  consist  of  leaves  or  of  other  organs 
modified,  and  the  stems  of  twining  plants,  are,  as 
Mohl  long  ago  remarked,  rai'ely  heliotropic ;  and  hero 
again  we  can  see  the  reason  why,  for  if  they  had 
moved  towards  a  lateral  light  they  would  have  been 
drawn  away  from  their  supports.  But  some  tendrils  orn 
apheliotropic,  for  instance  those  of  Bignonia  capredata 


•  ArcflrJing  toF.  Kur1z('Ver- 
haiwil.  ilea  Bnt.  VcFMns  dcr  Pro- 
viiiz  Jjrantlfiihur^','  Bd.  xx.  1^78; 
the  Icavcft  or  piLulicrs  of  Varling- 


tonia  Cali/omira  are  strongly 
nphtliotrnpic.  Wu  failiti  to  deteel 
this  iiiorciiuTit  in  a  plant  whtob 
ve  poaKee&ed  fur  a  bLurt  tinux 


\ 


V 


Chap.  IX. 


SJENSITIVENESS  TO  LIGHT. 


451 


and  of  Snttlax  aspera  ;  and  the  stems  of  some  plants 
wiiich  climb  by  nK>tlets,  as  tbose  uf  the  Ivy  and  Tecoma 
radicems^  are  likewiise  aphelintropic,  and  they  thus  find 
a  support  The  leaves,  on  the  other  hand»  of  must 
eiimbing  plants  are  heliutrupic  ;  but  we  could  detect 
no  signs  of  any  such  movement  in  those  of  Mutisia 
deittatit. 

As  heliotropism  is  so  widely  prevalent,  and  as 
twining  plants  are  distributed  throughout  the  whole 
vascular  series,  the  apparent  absence  of  any  tendency 
in  their  stems  to  bend  towards  the  lights  seemed  to 
08  so  remarkable  a  fact  as  to  deserve  further  in- 
vestigatiun,  for  it  implies  that  heliotropism  can  be 
readily  eliminated.  When  twining  plants  are  exposed 
to  a  lateral  light,  their  stems  go  on  revolving  or  cir- 
cumnutating  about  the  same  spot,  without  any  evident 
deflection  towards  the  light ;  but  we  thought  that 
we  might  detect  some  trace  of  heliotropism  by  com- 
paring the  average  rate  at  wUiL-h  the  stems  moved  to 
and  from  the  light  diiring  their  successive  revolutions.* 
Three  young  plants  (about  a  foot  in  height)  of  Ipomoe^i 
cwrulea  and  four  of  I.  purpureiij  growing  in  separate 
pots,  were  placed  on  a  bright  day  before  a  north-east 
\dudow  in  a  room  otherwise  darkened,  with  the  tips 
of  their  revolving  stems  fronting  the  window.  When 
the  tip  of  each  plant  ptnnted  directly  from  the  window, 
and  when  again  towards  it,  the  times  were  recorded. 
This  was  continued  from  6.45  a.m.  till  a  little  after 
2  P.M.  on  June  IVtli.  After  a  few  observations  wo 
concluded   that   wo  couUl   safely  estimate   the   time 


•  Some  crn>ncf"ti!i  athtointnts 
nrn  iirifortinmtely  qivt-u  on  this 
mbject,  in  'Tlio  Movcnienta  ilikI 
ll&lijts  of  Clinibiii-r  riniits,'  1^73, 
pp.  28, 3;!,  lO.oni  6a,  CniiolnKioiia 
were  drawn  from  an  inButDci<.!nt 


iii<ml>prnf  obBcrviitiniiB,  for  we  did 
i.ul  then  know  »t  liow  uii>quiil 
a  nite  the  etoiiiB  and  b.<t)drila  at 
olinibing  plBntH  •iimctunes  truvcl 
in  clificrctit  imrljt  v(  the  wuau  ra- 
Tolutiou. 
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tuken  by  eacli  semicircle,  within  u  limit  of  error  of  at 
moat  5  minutes.  Altboiigh  the  rate  of  movomi-nt  in 
tlilfcrent  parts  of  the  stime  revohition  varied  greatly, 
yet  22  semicircles  to  the  liglit  were  completefj,  each 
oil  ar.  average  in  73*t*5  minutes ;  and  22  aeinicircloa 
Irom  the  light  each  in  TiJ'O  minutes.  It  may,  there- 
fore, be  suid  tliat  they  travelled  to  and  from  the  light 
at  exactly  the  same  average  rate ;  thoiigli  probably 
the  accuracy  of  the  result  was  in  part  accidental.  In 
the  evening  the  stems  were  not  in  the  least  deflected 
towards  the  window.  Nevertlndoss,  there  appears  to 
exist  a  vestige  of  heliotropisra,  for  with  C  ont  of  the 
7  plants,  the  first  semicircle  from  the  light,  described 
in  the  early  morning  after  they  had  been  subjected  to 
darkness  dnring  the  night  and  thus  probably  renflered 
more  sensitive,  required  rather  more  time,  and  the  first 
semicircle  to  the  light  considerably  less  lime,  than  the 
average.  Thus  with  all  7  ])lants,  taken  together,  tiie 
mean  time  of  the  first  semicircle  in  the  morning  from 
the  light,  was  7G'8  minutes,  instead  of  73'5  minutes, 
which  is  the  mean  of  all  the  semicircles  dnring  the 
day  from  the  light;  and  the  mean  of  the  first  semi- 
circle to  the  light  was  only  G3*l,  instead  of  TS'DS 
minutes,  which  was  the  mt^jin  of  all  the  scmicirclea 
during  the  day  to  the  light. 

Similar  observations  were  made  on  )Vista9ia  SinenstSt 
and  Ibe  mean  of  9  semicircles  from  tlie  light  was 
117  minutes,  and  of  7  semicircles  to  the  light  122 
niiuutc's,  and  this  diiTcrcnce  does  not  exceed  the  pro- 
bable limit  of  error.  During  the  three  days  of  cxpo- 
fture,  the  shoot  did  not  bcconio  at  all  bent  towanls  the 
window  before  which  it  stood.  In  this  case  the  first 
semicircle  from  the  light  in  the  early  morning  of  each 
day,  required  rather  less  time  for  its  performance  that 
did  the  first  semicircle  to  the  light;  and  this  result, 
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it'  uot,  accidental,  appears  to  indicate  tliat  the  shoots 
retain  a  trace  of  an  urif^inal  a|)helii)tn)pic  teadercy, 
AVith  Lonicera  hracJujpoda  tho  semicircles  from  and  to 
tlie  ligkt  differe<i  considerably  iu  tune;  for  5  semi- 
circles from  the  light  required  on  a  niean  2U2'4 
minutes,  and  4  lu  tlie  light,  229'5  minutes;  but  the 
shoot  movt-'d  very  irregularly,  and  under  tliese  circum- 
stances the  observations  were  mneh  too  few. 

It  is  remarkable  that  the  same  part  on  tlio  same 
plant  may  be  aftected  by  light  in  u  ^\itlc;ly  diflijrent 
manner  at  difterent  ages,  and  as  it  appears  at  different 
seasons.  Tho  hypoeotyledonons  stems  of  Ipomoea 
eaerulea  and  jmrpurea  are  extremely  heliotropic,  whilst 
the  stems  of  older  plants,  only  about  a  foot  iu  height, 
are,  as  we  have  jnst  seen,  almost  wholly  insensible  to 
light.  Sachs  states  (and  we  have  observed  tlie  same 
fact)  that  the  hypocotyls  of  the  Ivy  (Uedera  hetix)  are 
slightly  heliotropic ;  whereas  the  stems  of  plants  g^u^\'n 
to  a  few  inches  in  iiejght  become  so  strongly  aphelio- 
tropic,  that  they  bend  at  right  angles  away  from  the 
light.  Nevertheless,  some  young  plants  which  had 
behaved  in  this  manner  early  iu  the  snnnner  again 
became  distinctly  heliotropic  in  the  beginning  of 
September;  and  the  zigzag  courses  of  their  stems,  as 
they  slowly  enrvcd  towards  a  north-east  window,  were 
traced  during  10  days.  The  stems  of  very  young 
plants  of  Troftvohim  majtis  are  highly  heliotropic,  whilst 
thi>se  of  older  plants,  according  to  Sachs,  are  slightly 
aplieliotropic.  In  all  these  cascs  the  heliotropism  of 
tho  very  young  stems  serves  to  expose  the  cotyledons, 
or  when  the  cotyledons  arc  liyi>ng(?an  tho  first  true 
leaves,  fully  to  tho  light;  and  tho  loss  of  this  power 
by  the  older  stems,  or  their  becoming  apheliotropin, 
is  connected  with  their  habit  of  climbing. 

Moat  seedling  plants  are  strongly  heliotropic,  and 
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it  is  no  doubt  a  great  ftdvantagc  to  them  in  then 
struggle  for  life  to  expose  their  cotyledons  to  the 
light  as  quickly  and  as  luUy  as  possible,  for  the  sake 
of  obtaining  carbon.  It  has  beon  shown  in  the  first 
chapter  that  tlie  greater  number  of  seedlings  circum- 
nutate  largely  and  rapidly ;  and  as  heliotropism  con- 
sists of  modified  circmnnutation,  we  are  tempted  to 
look  at  the  high  development  of  these  two  powers  in 
seedlings  as  intimately  connected.  Whether  there  are 
any  plants  which  circumnntate  slowly  and  to  a  amall 
extent,  and  yet  are  highly  heliotropic,  we  do  not 
know ;  but  there  are  several,  and  there  is  nothing 
surprising  in  this  fact,  uhich  circuumutate  largely  and 
are  not  at  all,  or  only  slightly,  heliotropic.  Of  such 
cases  Vrosera  rotundifolia  offers  an  excellent  instance. 
The  stolons  of  the  strawberry  circumnutate  almost 
like  the  stems  of  climbing  plants,  and  they  are  not  at 
all  afl'ected  by  a  moderate  light ;  but  when  exposed 
late  ill  the  summer  to  a  somewhat  brighter  light  they 
were  slightly  heliotropic;  in  sunlight,  according  tt» 
De  Vriea,  they  are  ajjUeliotropic.  Climbing  plants 
circumnutate  much  more  widely  than  any  other  plants, 
yet  they  are  not  at  all  heliotropic. 

iVlthough  the  atoms  of  most  seedling  plants  are 
strongly  heliotropic,  some  few  ore  but  slightly  helio- 
tropic, without  our  being  able  to  assign  any  reason. 
This  is  the  case  with  the  hypocotyl  of  Cassia  toraf  and 
we  were  struck  with  the  same  fact  with  some  other 
seedlings,  for  instance,  those  of  Bcseda  odoraia.  With 
respect  to  the  degree  of  sensitiveness  of  the  more 
sensitive  kinds,  it  was  shown  in  the  last  chapter  that 
seedlings  of  several  species,  placed  before  a  north-east 
window  protcctoi.1  by  several  blinds,  and  exposed  io 
the  rear  to  the  diffused  light  of  the  room,  moved 
with  unerring  cerhiinty  towards  the  window,  although 
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it  was  impassible  to  judge,  excejtling  by  the  sKadow 
cast  by  an  upright  pencil  un  a  white  carfl,  on  which 
side  most  light  entered,  so  that  the  excess  on  one  sido 
must  have  been  extremely  small. 

A  pot  with  seedlings  of  P/to/an's  Canariensis^  which 
had  been  raised  in  durlcness,  was  placed  in  a  com- 
[)let©ly  darkened  room,  at  12  feet  from  a  very  email 
lamp.  After  3  h.  the  cotyledons  were  doubtfully 
curved  towards  the  light,  and  after  7  h.  40  m.  from 
the  first  exposure,  they  were  all  plainly,  though 
eUghtly,  curved  towards  the  lamp.  Now,  at  this  dis- 
tance of  12  feet,  the  light  was  so  obscure  that  we  could 
not  see  the  seedlings  themselves,  nor  read  the  large 
Koman  figures  on  the  white  face  of  a  watch,  nor  see  a 
pt^neil  lino  on  paper,  but  could  just  distinguish  a  line 
matle  with  Indian  ink.  It  is  a  more  surprising  fact 
that  no  visible  shadow  was  cast  by  a  pencil  held 
upright  on  a  white  card ;  the  seedlings,  therefore, 
were  acted  on  by  a  difference  in  the  illumination  of 
their  two  sides,  which  the  human  eye  could  not  dis- 
tinguish. On  another  occasion  even  a  less  degree  of 
light  acted,  for  some  cotyledons  of  Pholaris  became 
slightly  curved  towards  the  same  lamp  at  a  distance 
of  20  feet;  at  this  distance  we  could  not  see  a  cii*- 
cular  dot  229  mm.  ('09  inch)  in  diameter  made  witli 
Indian  ink  on  white  paper,  though  we  could  just  sec  a 
dot  3*56  mm.  ('H  inch)  in  diameter;  yet  a  dot  of 
the  former  size  appears  large  when  seen  in  the  light.* 

We  next  tried  how  small  ft  beam  of  light  would  »ict; 
ns  this  l>ears  on  light  serving  as  a  guide  to  seedlings 
whilst  they  emerge  through  fissured  or  encumbered 
ground.     A  pot  with  seedlings  of  Phalaris  was  cove-cd 


•  Straaburgor  says  {' Wirkung 
deti  Liolit^-a  suf  tlf«lnvar[ii.s{i(in^n,' 
ISTH,   p.  !i2),  that    tiiu  npures  of 


HicrontocHicctiB  uioTcd  to  a  heht 
wliicih  only  just  Kultii-fil  to  aUu« 
miJillc-Bized  type  tu  be  reuil. 
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by  a  tin-vessel,  having  on  one  side  a  circular  hole 
1'23  mm.  iu  diameter  (i.e.  a  little  less  tliaii  the  -ro-th  oi 
an  inch) ;  ami  the  box  was  jilaond  in  frnnt  of  a  paraffin 
lamp  and  on  another  occasion  in  front  of  a  window ; 
and  butli  limes  the  seedlings  were  manifestly  bent 
after  a  few  hoius  towards  the  little  hole. 

A  more  sevGre  trial  was  now  made ;  little  tubes  of 
very  thin  glass,  closed  at  their  npper  ends  and  coated 
with  hlaek  varnish,  were  slipped  over  the  cotyledons 
of  Phalnris  (which  had  germimited  in  darkness)  and 
just  fitted  them.  NaiTow  stripes  of  the  varnish  had 
been  previonsly  scraped  off*  one  side,  thronsh  which 
alone  light  conld  enter;  and  thiiir  dimensions  were 
afterwards  measured  under  the  microscope.  As  a 
control  experiment,  similar  nnvamished  and  trans- 
parent tubes  were  tried,  and  they  tlid  not  prevent  the 
cotyledons  bonding  towards  the  light.  Two  cotyledons 
wore  pht<u:d  before  a  sonlh-wcst  window,  one  of  which 
was  illuminated  by  a  stripe  in  the  vuTnisb,  only  '004 
imdi  (O'l  mm.)  in  breadth  and  "(JIG  inch  (0'4  mm.)  iu 
length  ;  and  the  other  by  a  stripe  'OUS  incli  in  brea<lth 
and  •Of)  ineh  in  length.  The  seedlings  were  examine<l 
after  an  exposure  of  7  b.  40  m.,  and  were  found  to  be 
manifestly  bowed  towards  the  light.  Some  other  coty- 
led(ms  were  at  the  same  time  treated  similarly,  ex- 
ccjiting  that  the  little  strfi>es  were  directed  not  to  tho 
sky,  but  in  such  a  manner  that  thoy  received  only  tho 
dilfused  light  from  tho  room  ;  and  these  cotyledons  did 
not  became  at  all  bowed.  Seven  other  cotyledons  were 
illunimate<l  through  narrow,  but  comparatively  long, 
cleared  stripes  in  the  varnish — namely,  in  breadth 
bet-feen  '01  and  •02(>  inch,  ami  in  length  between  '15 
end  *3  inch ;  and  these  all  became  bowed  to  the  side, 
by  which  light  entered  through  the  stripes,  whether 
these  were  directed  towartls  the  sky  or  to  one  side  oi 
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the  room.  Tbat  liglit  passing  through  a  hole  oiJy 
004  inch  in  breadth  by  '01 G  in  length,  should  induce 
curvature,  sceina  to  us  a  suriirising  fact. 

Before  we  knew  how  extremely  sensitive  tlie  coty- 
ledons of  Phalaria  were  to  light,  we  endeavoured  to 
trace  their  circumnutation  iu  darkness  by  the  aid  i  f 
a  small  wax  taper,  held  for  a  minute  or  two  at  each 
observation  in  nearly  the  same  position,  a  little  on  the 
left  side  in  front  of  the  vertical  glass  on  which  the 
tracing  was  made.  The  seedlings  were  thus  observed 
seventeen  times  in  the  course  of  the  day,  at  intervals  of 
from  half  to  three-quarters  of  an  hour;  and  late  in  the 
evening  we  were  siu-priscd  to  iiud  that  all  the  29  coty- 
ledons were  greatly  curved  and  pointed  towards  the 
vertical  glass,  a  little  to  the  left  where  the  taper  had 
been  held.  The  tracings  showed  that  they  had  tra- 
velled in  zigzag  lines.  Thus,  an  exposure  to  a  feeble 
light  for  a  very  short  time  at  the  above  specified 
intervals,  sufficed  to  induce  well-marked  hcliotropism. 
An  analogous  case  was  observed  with  the  hypocotyla 
of  *Soiamwi  li/coperaieum.  Wo  at  first  attributed  this 
result  to  the  after-effects  of  the  light  on  each  occasion ; 
but  since  reading  Wiesner's  observations,*  which  will 
be  referred  to  in  the  last  chapter,  we  cannot  doubt  that 
an  intermittent  light  is  more  efficocioua  than  a  con- 
tinuous one,  as  plants  are  especially  sensitive  to  any 
contrast  in  its  amount. 

The  cotyledons  of  Phalaris  bend  much  more  slowly 
towanls  a  very  obscure  light  than  towards  a  bright 
one.  Thus,  in  the  experiments  with  seedlings  placed 
in  a  dark  room  at  12  feet  from  a  very  small  lamp,  they 
were  just  jwrceptibly  and  doubtfully  curved  towards  it 
after  3  h.,  and  only  slightly,  yet  certainly,  after  4  ]i. 


*  '  iSitz.  der  k.  Akad.  der  WUaotuoli  *  (TlcniwX  Jan.  1 BSO,  p.  12. 
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After  8  h.  40  ID.  the  chords  of  their  arcs  were  defleuteij 
from  the  perpettdicidar  by  an  average  angle  of  ouly 
16^,  Had  tlio  li^ht  been  bright,  they  would  have 
become  much  more  curved  in  between  1  and  2  lu 
Several  trials  were  made  with  seedlings  placed  at 
various  distances  from  a  small  lamp  in  a  dark  room ; 
but  we  will  give  only  one  trial.  Six  pots  were  placed 
at  distances  of  2,  4,  8,  12,  16,  and  20  feet  from  the 
lamp,  before  which  they  were  left  for  4  h.  As  lij^ht 
decreases  in  a  geometrical  ratio,  the  seedlings  in  the 
2nd  pot  received  Jth,  those  in  the  3rd  pot  -rV'^* 
those  in  tlie  4th  ^th,  those  in  the  5th  ^j-th,  and  those 
ill  the  6th  tw*^  of  the  light  received  by  the  seedlings  in 
the  first  or  nearest  pot.  Therefore  it  might  have  been 
expected  that  there  would  have  been  an  iniineuso  differ- 
ence in  the  degree  of  their  heliotropic  curvature  in  the 
several  pots ;  and  there  was  a  well-marked  diiierencel 
between  those  which  stood  nearest  and  furthest  fromj 
the  lamp,  but  the  dificrcuce  in  each  successive  pair  o| 
pots  was  extremely  small.  lu  order  to  avoid  prejudice, 
we  asked  three  persons,  who  knew  nothing  about  the 
experiment,  to  arrange  the  pots  in  order  according  toJ 
the  degree  of  curvature  of  the  cotyleilons.  The  first 
person  arranged  thom  in  proper  order,  but  doubted 
long  between  the  12  feet  and  16  feet  pots  ;  yet  these 
two  received  light  in  tlie  proportion  of  36  to  04.  The 
second  person  also  arranged  them  properly,  but 
doubted  between  the  8  feet  and  12  feet  pots,  which 
received  light  in  the  proportion  of  16  to  36.  The 
third  person  arranged  them  in  wrong  onler,  and 
doubted  about  four  of  the  pots.  This  evidence  shows 
lionslusively  how  little  the  curvature  of  the  seedlinga- 
differed  in  the  successive  i>ots,  in  comparison  with  the 
great  difference  in  the  amount  of  light  which  they 
received ;  and  it  should  be  noted  that  there  was  no 
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excess  of  superfluous  Iiglit,  for  the  cotyledons  became 
bi»t  little  and  slowly  curved  even  in  the  nearest  pot. 
(Uose  to  the  0th  pot,  at  the  distance  of  20  feet  from 
the  lamp,  the  light  allowed  us  just  to  distinguish 
a  dot  3*56  mm.  (*14  inch)  in  diameter,  made  witli 
Jiidiuu  ink  on  white  paper,  but  not  a  dot  2*29  mm. 
(09  inch)  in  diameter. 

The  degree  of  curvature  of  the  cotyledons  of  Phalaris 
within  a  given  time,  depends  not  merely  on  the 
amount  of  lateral  light  which  they  may  then  receive, 
buton  that  which  they  have  previously  received  from 
above  and  on  all  sides.  Analogous  facts  have  been 
given  with  respect  to  tiie  nyctitropic  and  periodic 
movements  of  plants.  Of  two  pots  containing  seedlings 
of  Phalaris  which  had  germinated  in  darkness,  one  was 
still  kept  in  the  dark,  and  the  other  was  exposed  (Sept. 
26th)  to  the  light  in  a  greenhouse  during;  a  cloudy  day 
and  on  the  following  bright  morning.  On  tliis  morn- 
ing (27th),  at  10.30  a.m.,  both  pots  were  placed  in  a 
Imjx,  blackened  within  and  open  in  front,  before  a 
north-east  window,  protected  by  a  liueu  and  muslin 
blind  and  by  a  towel,  so  that  but  little  light  was 
admitted,  though  the  sky  was  bright.  Whenever  the 
pots  were  looked  at,  this  wjis  done  as  quickly  as  pos- 
sible, and  the  cotyledons  were  then  held  transversely 
with  respect  to  the  light,  so  that  their  curvature  could 
not  have  been  thus  increased  or  diminished.  After 
50  m.  the  seedlings  which  had  previously  been  kept 
in  darkness,  were  perhaps,  and  after  70  m.  were  cer- 
tainly, curbed,  though  very  slightly,  towards  tht 
window.  After  85  m,  some  of  the  seedlings,  which 
had  previously  been  illuminated,  were  perhaps  a  little 
affected,  and  after  100  m.  some  of  tho  younger  ones 
were  certainly  a  little  curved  towards  the  light.  At 
this  time  (i.e.  after  100  in.)  there  was  a  plain  difference 
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in  the  curvature  of  the  seedlings  iu  the  two  pots. 
After  2  h.  12  m.  the  chords  of  the  arcs  of  four  oi 
tlie  most  strongly  curved  seedlings  in  each  put  werij 
measured,  and  the  mean  angle  from  the  perpcndicula'* 
of  those  which  had  previously  heen  kept  in  darknea* 
WHS  19^  and  of  those  which  ha<l  previuusly  l«ren  illu- 
minuted  only  7°.  Nor  did  this  diiTerenco  diminish 
diu-ing  two  additional  hours.  As  a  check,  the  soetl- 
lings  in  Itoth  pots  were  then  placed  in  complete  dark- 
ness for  two  hours,  iu  ordtir  that  apogeotropism  should 
act  on  them ;  and  those  in  the  one  pot  which  were 
little  curved  became  in  this  tune  almost  completely 
nprigiit,  whilst  the  more  curved  ones  in  the  other  pot 
Btill  remained  phiinly  cur^etL 

Two  days  afterwards  the  experiment  was  repeated, 
with  the  solo  difterence  that  even  less  light  waa 
admitted  througli  tlic  window,  as  it  was  protected  hy  a 
linen  and  muslin  blind  and  by  two  towels;  the  skv, 
moreover,  was  somewhat  less  bright.  Tho  result  was 
the  same  as  before,  excepting  that  everything  occurred 
rather  slower.  The  seedlings  which  had  been  pre- 
viously kept  in  darkness  were  not  iu  the  leiist  curved 
after  54  m.,  but  were  so  after  70  ra.  Those  whicrh  had 
previously  been  illuminated  were  not  at  all  affectc<l 
until  130  m.  had  elapsed,  and  then  only  slightly. 
After  145  m.  some  of  the  seedlings  in  this  latter  pot 
were  certainly  curved  towards  the  light;  and  there 
was  now  a  }>lain  ditterenco  between  the  two  pots.  After 
3  h.  45  ni.  the  chords  of  the  arcs  of  3  seedlings  in 
each  pot  wei*e  meixsured,  and  the  mean  angle  from  the 
peipendiculur  was  16^  for  those  in  the  pot  which  had 
previously  bt*en  kept  iu  darkness,  and  only  5°  for 
those  which  had  previously  heen  illuminatc<l. 

The  curvature  of  the  cotyledons  of  Phalaria  towards 
a  hitcral  light  is  therefore  certainly  inHuenced  by  tho 
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degree  to  wKicU  tliey  have  been  previously  iilu- 
luiQated.  We  sLuli  presently  see  tlmt  tlio  iiiHuence 
of  light  on  their  bendinj^  continues  for  a  short  time 
after  the  light  hiis  been  extiuguished.  These  facts,  as 
well  as  that  of  the  ciirvature  not  iucreasing  or  de- 
creasing in  nearly  the  same  ratio  witli  tlmt  of  the 
amount  of  light  which  they  receive,  as  shown  in  the 
trials  with  the  plants  before  the  lamp,  all  indicate 
that  light  acts  on  them  iia  a  stimulus,  in  somewhat 
the  same  manner  as  on  the  nervous  system  of  animals, 
and  not  in  a  direct  manner  on  the  cells  or  cell-waUs 
which  by  their  contraction  or  expansion  cause  the 
cuTvature. 

It  has  already  been  incidentally  shown  how  slowly 
the  cotyledons  of  Phalaris  bend  towards  a  very  dim 
light ;  but  when  they  were  [diuicd  before  a  bright 
paraffin  lamp  their  tips  were  iiU  eurvud  rectangularly 
towards  it  in  2  h.  2U  m.  The  hypocotyls  of  Soianwm 
lyropersicum  had  bent  in  the  morning  at  right  angles 
towards  a  north-east  wiiuh>w.  At  1  p.m.  (Oct,  21st)  the 
pot  was  turned  round,  so  that  the  seedlings  now  pointed 
from  the  light,  but  by  o  P.M.  they  had  reversed  their 
curvature  and  agnin  pointed  to  the  light.  They  had 
thus  passed  through  ISif  in  4  h.,  having  in  the 
morning  previously  passed  through  about  90".  But  the 
reversal  of  the  first  half  of  the  curvature  will  have 
been  aided  by  apogeotropism.  Similar  cases  were 
observed  with  other  seedlings,  for  instance,  with  those 
of  Sinapis  alba. 

We  attempted  to  ascertain  in  how  short  a  tirao 
light  acted  on  the  cotyledons  of  Phalaris,  but  tJiis 
^vas  difficult  on  account  of  their  rapid  circumnutating 
movement;  moreover,  they  differ  much  in  sensibility, 
eccor<ling  to  age;  nevertiiclesa,  some  tif  our  observa- 
tions  are  worth  giving.      Puts   with  seedlings   we« 


462 


SENSITIVENESS  TO  LIGHT. 


CUAT.  IX 


placed  under  a  microscope  provided  with  an  eye-piece 
micrometer,  of  wliich  each  division  equalled  -sl-sih  of  an 
inch  (0*051  mm.) ;  and  they  were  at  first  illumiuute<l 
by  light  from  a  paraffin  lamp  passing  thraugh  a  sohi- 
tion  of  bichromate  of  potassium,  which  does  not  induce 
heliotropism.  Thus  the  direction  in  which  tho  coty- 
ledons were  circumnutating  could  be  observed  iudo- 
pendeutly  of  any  action  from  the  light ;  and  they  could 
be  made,  by  turning  round  tlie  pots,  to  circumnutato 
tranaveraely  to  the  line  in  which  the  light  would  strike 
them,  as  soon  as  the  solution  was,  removed.  The  fact 
that  the  direction  of  flic  circumnutating  movement 
might  change  at  any  moment,  and  thus  the  plant 
might  bend  either  towards  or  from  the  lamp  indepen- 
dently of  the  action  of  tho  light,  ga\'c  an  element  of 
uncertainty  to  tho  results.  After  tlie  solution  had 
been  removed,  five  sendlings  which  were  circumnutat- 
ing transversely  to  the  line  of  light,  began  to  move 
towards  it,  in  (i,  4,  7^,  C,  nnd  9  minutes.  In  one  of 
these  cases,  the  apes  of  the  cotyledon  crossed  five 
of  tho  divisions  of  tho  micrometer  (i.e.  yj^th  of  an 
inch,  or  0'254  mm.)  towards  tho  light  in  3  m.  Of  two 
seedlings  which  were  moving  directly  from  the  light  at 
the  time  when  the  solution  was  removecl,  one  began  to 
move  towards  it  in  13  m.,  and  the  other  in  15  m. 
This  latter  seedling  was  observed  for  more  than  an 
hour  and  continued  to  move  towards  the  light;  it 
crossed  at  one  time  5  divisions  of  the  micrometpr 
(0'254  mm.)  in  2  m.  30  s.  In  all  these  cases,  tho 
movement  towards  tho  light  was  extremely  unequal  in 
rate,  and  the  cotyledons  often  remained  almost  sta- 
tionary for  some  minutes,  and  two  of  them  retrograded 
a  little;.  Another  seedling  which  was  circumnutating 
transversely  to  the  line  of  light,  moved  towards  it  in 
4  m.  after  the  solution  was  removed ;  it  then  remained 


CsAr.  IX. 


SENSITIVENESS  TO  LIGHT, 


46S 


almost  stationary  for  10  m. ;  then  crossed  5  dirisions 
of  the  micrometer  iu  6  ni. ;  and  then  6  divisious  in 
11  m.  This  unequal  rate  of  movement,  interrupted 
by  pauses,  and  at  iirst  with  occasional  retrogressions, 
accords  well  with  our  conclusion  that  heliotropism 
consists  of  modified  circumnutation. 

In  order  to  observe  how  long  the  after-effects  of 
light  lasted,  a  pot  with  seedlings  of  Phalaris,  which 
had  germinated  in  darkness,  was  placed  at  10.40  a.m. 
before  a  north-east  window,  being  protected  on  all 
other  sides  from  the  light;  and  the  movement  of  a 
cotyledon  was  traced  on  a  horLsontal  glass.  It  cir- 
cumnutated  about  the  same  space  for  the  iirst  24.  m., 
and  during  tiie  next  1  h.  33  m,  moved  rajjidlj  towards 
the  light.  Xho  light  was  now  (i.e.  after  1  h.  57  m.) 
completely  excluded,  but  the  cotyledon  continued 
bending  iu  the  same  direction  as  before,  certainly  for 
more  than  15  ni.^  probably  for  about  27  m.  The  doubt 
arose  from  the  necessity  of  not  looking  at  the  seed- 
lings often,  and  thus  exposing  them,  though  momen- 
tarily, to  the  liglit.  This  same  seedling  was  now  kept 
in  the  dark,  until  2.1S  P.M.,  by  which  time  it  had 
reacquired  through  apogeutropism  its  original  upright 
position,  when  it  was  again  exposed  to  the  light  from 
a  clouded  sky.  By  3  p.m.  it  had  moved  a  very  short 
distance  towards  the  light,  but  during  the  next  45  m, 
travelled  quickly  towards  it.  After  this  exposure  of 
1  h.  27  m.  to  a  rather  dull  sky,  the  light  was  again 
completely  excluded,  but  tlic  cotyledon  contiiiued  to 
Iwnd  iu  the  same  direction  as  before  for  1-1  m.  within 
a  very  small  limit  of  error.  It  was  then  placed  in 
the  dark,  and  it  now  moved  backwards,  so  that  after 
1  ]i.  7  m.  it  stood  close  to  where  it  had  started  from  at 
2.18  P.M.  These  observations  show  that  the  coty- 
ledons of  Phalaris,  after  being  exposed  to  a  lateral 
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light,  continue  to  bend  in  the  same  direction  for 
between  a  quarter  and  half  an  hour. 

In  the  two  experiments  just  given,  the  cotyledons 
moved  backwards  or  from  the  window  shortly  after 
hoing  subjected  to  darkness;  and  whilst  tracing  thg 
circumnutatiuu  of  various  kinds  of  seedlings  exposed 
to  a  lateral  light,  we  repeatedly  observed  that  late  in 
the  evening,  as  the  light  waned,  they  moved  from  it. 
TLia  fact  is  shown  in  soine  of  the  diagrams  given  in 
the  last  chapter.  We  wislied  therefore  to  learn  whether 
this  was  wholly  due  to  apogeotropisra,  or  whether  an 
organ  after  bending  towards  the  light  tendod  from 
any  other  cause  to  bend  from  it,  as  soon  as  the  light 
failed.  Accordingly,  two  pots  of  seedling  Phalaris 
and  one  pot  of  seedling  Brassica  were  exposed  for  8  h. 
before  a  paraffin  lamp,  by  which  time  the  cotyledons 
of  the  former  and  the  hypocotyla  of  the  latter  were  bent 
rectangularly  towards  the  light.  The  pots  were  now 
quickly  laid  horizontally,  so  that  the  upper  parts  of 
the  cotyledons  and  of  the  hypocotyls  of  9  seedlings 
projected  vertically  upwards,  as  proved  by  u  plumb-line. 
In  this  position  they  could  not  bo  acted  on  by  apo- 
geotropisju,  aud  if  they  possessed  any  tendency  to 
straighten  themselves  or  to  bend  in  opposition  to  their 
former  heliotropic  curvature,  this  would  be  exhibited, 
for  it  would  be  opposed  at  first  very  slightly  by  apogeo- 
tropism.  They  were  kept  in  the  dark  for  4  h.,  during 
which  time  they  were  twice  looked  at ;  but  no  uniform 
btiuding  in  opposition  to  their  former  heliotropic 
curvature  could  be  detected.  We  have  said  unifoT-m 
bending,  becatise  they  circumnutated  in  their  new 
position,  and  after  2  h.  were  inclined  in  diflerent 
directions  (between  4"  and  11°)  from  the  perpendicular. 
Their  directions  were  also  changed  after  two  odditiona] 
hours,  and  again  on  the  following  morning.     We  may 
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therefore  conclude  that  the  bending  back  of  plants 
from  a  light,  when  this  becomes  obscure  or  is  extin- 
guished, is  wholly  due  to  ai)og(x>tropism.* 

In  our  Viuious  experiments  we  were  often  struck 
with  the  accuracy  with  wlunh  seedlings  pointed  to  a 
light  although  of  small  size.  To  t^ist  this,  many  seed- 
lings of  Phalaris,  which  had  germinated  in  darkness  in 
a  very  narrow  box  several  feet  in  length,  were  placed 
in  a  darkened  room  near  to  and  in  front  of  a  lamp 
having  a  small  cylindrical  wick.  Tho  cotyledons  at 
the  two  ends  and  in  the  central  part  of  the  box,  would 
therefore  have  to  bend  in  widely  different  directions 
in  order  to  point  to  the  light.  After  they  had  become 
rectangularly  bent,  a  long  white  thread  was  stretched 
by  two  persona,  close  over  and  parallel,  first  to  one  and 
then  to  another  cotyledon;  and  the  thread  was  found 
in  almost  every  case  actually  to  intersect  the  small 
circular  wick  of  tho  now  extinguished  lamp.  The 
deviation  from  accuracy  never  exceeded,  aa  far  as  we 
could  judge,  a  degree  or  two.  This  extreme  accuracy 
seems  at  first  surprising,  but  is  not  really  so,  for  an 
upright  cylindrical  stem,  whatever  its  position  may 
be  with  respect  to  the  light,  would  have  exactly  half 
its  circumference  illuminated  and  half  in  shadow ;  and 
as  the  difl'erence  in  iUnmination  of  the  two  aides  is 
the  exciting  cause  of  heliotropism,  a  cylinder  would 
naturally  bend  with  much  accuracy  towards  the  light. 
The  cotyledons,  however,  of  Phalaris  are  not  cylin- 
drical, but  ovrti  in  section ;  and  the  longer  axis  was 
to  the  shorter  axis  (in  the  one  which  was  measured) 
aa  100  to  70.     Nevertheless,  no  difference  could  be 
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detected  in  the  accuracy  of  their  bending,  whether 
they  stood  with  their  broad  or  narrow  sides  lacing 
the  light,  i>r  in  any  inlennediitte  position ;  and  so  it 
was  with  the  cotyledons  oi  Avena  saliva,  which  are 
likowise  oval  in  section.  Now,  a  little  reflection  will 
b!iow  that  in  whatever  position  the  cotyledons  may 
stand,  there  will  be  a  line  of  greatest  illuminatiou, 
exactly  fronting  the  light,  and  on  each  side  of  this 
line  an  equal  amount  of  light  will  be  received;  bnt 
if  the  oval  stands  obliquely  with  respect  to  the  light, 
this  will  be  difl'nsed  over  a  wider  surface  on  one  side 
of  tlie  central  lino  than  on  the  other.  We  may  there- 
fore infer  that  the  same  amount  of  light,  whether 
dill'used  over  a  wider  surface  or  concentrated  on  a 
smaller  surface,  produces  exactly  the  same  effect ;  for 
the  cotyledons  in  the  long  narrow  box  stood  in  all 
sorts  of  positions  with  reference  to  the  light,  yet  all 
pointed  truly  towards  it. 

That  the  Ijending  of  the  cotyledons  to  the  light 
depends  on  the  illumination  of  one  whole  side  or  on 
the  obscuration  of  the  whole  opposite  side,  and  not  on 
a  naxrow  lonf^itudinal  zone  in  the  line  of  the  light 
being  affected,  was  shown  by  the  effects  of  painting 
longitudinally  with  Indian  ink  one  side  of  five  coty- 
ledons of  Phalaris.  These  were  then  placed  on  a  table 
near  to  a  south-west  window,  and  the  painted  half  was 
directed  either  to  the  right  or  left.  The  result  was  that 
instead  of  bending  in  a  direct  line  towards  the  window, 
they  were  deflected  from  the  window  and  towards  thu 
unpainted  side,  by  the  following  angles,  35",  83\  31", 
43',  and  39°.  It  should  he  remarked  that  it  was  hardly 
possible  to  ]uint  nm?-]iali'  arcurately,  or  to  place  all 
the  seedlnigs  which  are  oval  in  section  in  quite  the 
same  position  relatively  to  tho  light;  and  this  will 
account  for  the  differences  in  the  angles.    Five  coty» 
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Icdons  of  ATenawere  also  painted  in  the  same  manner, 
but  with  gtenXer  care;  and  they  were  laterally  de- 
flecte<l  from  the  line  of  the  window,  towanls  the 
unpainted  side,  by  the  following  angles,  44',  44%  05% 
51°,  and  07°.  This  deflection  of  the  cittyledons  from 
the  window  b  intelligible,  for  the  whole  xmpainted 
sido  mnst  have  received  some  light,  whereas  the  oppo- 
site and  painted  side  received  none ;  bat  a  narrow 
zone  on  the  unjiainted  side  directly  in  front  of  tho 
window  will  have  received  most  light,  and  all  the 
hinder  parts  (half  an  oval  in  section)  less  and  less  light 
in  varying  degrees;  and  we  may  conclude  that  the 
angle  of  deflection  is  the  resultant  of  the  action  of  the 
light  over  the  whole  of  the  unpainted  aide. 

It  should  have  been  premised  that  painting  with 
Indian  ink  does  not  injure  plants,  at  least  within 
several  hours;  and  it  conhl  injure  them  only  by  stop- 
ping respiration.  To  ascertain  whether  injury  was  thus 
soon  caused,  the  upper  halves  of  8  cotyledons  of  Avena 
were  thickly  coated  with  tmnsparent  matter, — 4  with 
gnm,  and  4  with  gelatine ;  they  were  placed  in  the 
morning  before  a  window,  and  by  the  evening  they 
were  normally  bowed  towarrls  the  light,  although  the 
coatings  now  consisted  of  dry  crusts  of  gum  and 
gelatine.  Moreover,  if  the  seedlings  which  were  painted 
longitudinally  with  Indian  ink  had  been  injured  on 
the  jMiinted  side,  the  opposite  side  would  have  gone 
im  growing,  and  they  would  consequently  have  become 
i«)^\e<l  towards  the  fxainted  sido ;  whereas  the  curvature 
wiia  always,  as  wo  have  seen,  in  the  opposite  direction, 
or  towards  the  unpainted  side  which  was  exposetl  to 
the  light.  We  witnessed  the  effects  of  injuring  longi- 
tudinally one  side  of  the  cotyledons  of  Avena  and 
Phalaris;  for  before  we  knew  that  grease  was  highly 
injurious  to  them,  several  were  painted  down  one  side 
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with  a  mixture  of  oil  and  Ump-block,  and  were  tli«n 
exposed  before  a  window ;  others  similarly  treated  were 
afterwards  tried  in  darkuess.  These  cotyledons  soon 
became  plainly  bowed  towards  the  blackened  side, 
evidently  owing  to  the  grease  on  this  side  having 
checked  their  growth,  whilst  growth  continued  on  the 
opposite  side.  But  it  deserves  notice  that  the  curva- 
ture differed  from  that  caused  by  light,  which  ulti- 
mately becomes  abrupt  near  the  ground.  These 
seedlings  did  not  afterwarLls  die,  but  were  much  injured 
and  grewbadly. 

Localised  Sensitiveness  to  Light,  and  its 

TKANSMIITEU   KfFECTS, 

Phalans  Canarienaia. — Whilst  observing  tlie  accu- 
racy with  which  the  cotyledons  of  this  plant  became 
bent  towards  tlie  light  of  a  small  lamp,  wo  were 
impressed  with  the  idea  that  tho  iippfirmost  jurt  deter- 
mined the  direction  of  the  curvature  of  the  lower  part. 
When  the  cotyledons  are  exposed  to  a  lateral  light, 
the  upper  part  bends  first,  anil  afterwards  the  bending 
gradnally  extends  down  to  the  base,  and,  as  we  shall 
presently  see,  even  a  little  l>cneath  the  groxmd, 
Tliig  holds  good  with  cotyledons  from  less  than 
"1  inch  (one  was  observed  to  act  in  this  manner  which 
was  only  -03  in  height)  to  about  "5  of  an  inch  in 
InMglit;  but  when  they  have  grown  to  nearly  an  inch 
iu  height,  the  basal  part,  for  a  length  of  *15  to  '2  of 
an  inch  above  the  ground,  ceases  to  bend.  As  with 
young  cotyledons  the  lower  part  goes  on  bending, 
after  the  tipper  part  has  become  well  arched  towards 
a  lateral  light,  the  apex  would  nltimatoiy  point  to 
the  ground  instead  of  to  the  light,  did  not  the  upper 
jwirt  reverse   its  curvature  and  straighten  itAelf,  af 
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stum  aa^  the  upper  convex  surface  of  the  b«»wed- 
Uo\vD  porti&iv-received  more  light  than  the  lower 
concave  surface.  The  position  ultimately  assumed  by 
youug  and  upright  cotyl^tlons,  exposed  to  light  enter- 
ing obliquely  from  abore  tKlDttgh  a  window,  is  shown 
in  the  accompauyiiij^  fijrure  (Fig.  181);  and  here  it 
may  be  seen  that  the  whole  upper  part  h)is  become 
very  nearly  straight.  When  the  cotyledons  were 
exposed  before  a  bright  lamp,  standing  on  the  same 
level  with  them,  the  upper  part,  which  was  at  lirst 

Tig.  181. 


Fkilarii  Cuftewieniu  :  cotyleduus  lUter  cxiHVuro  in  ■  Lk>x  open  oa  oat  siil« 
m  fruiit  of  asuuLh-wust  wiutluw  Jui'iug  8  h.  Curvatun  towards  th« 
lighi  accurattiljr  traced.  Tho  sburt  hohzualal  Uoes  show  the  level  of 
lh»  grouoiJ. 

grciitly  arched  towards  the  light,  became  straight  and 
strictly  parallel  with  the  aiuface  of  the  soil  in  thu 
pots ;  tho  btisiil  part  being  now  rectangularly  beut. 
All  this  great  amount  of  curvature,  together  with  tho 
subsequint  straightening  of  the  upper  part,  was  often 
effected  in  a  few  houi-a. 

After  the  uppernioet  part  has  Income  l>owed  a  littlo  to  tlie 
light,  its  overhanging  weight  must  tend  to  increaso  the  curvu.- 
lure  of  the  lower  part ;  hut  any  such  effect  was  showu  iii  sevoral 
ways  to  ha  quite  ineiguiticant.  When  litlle  caps  of  tin-foil 
(Ueryafter  to  bo  deacribt-d)  wern  plat;cd  on  the  suniinita  of  tho 
cotyledons,  though  thU  must  liave  uilded  cousidcrjibly  to  thf-ir 
weight,  tho  rate  or  amount  of  U-nding  wan  not  thus  increased. 
But  the  best,  ovidtsncx)  was  afforded  by  pladug  potfi  with  seedlings 
of  Phalaria  betbre  a  lamp  in  buuh  a  position,  that  ttio  cotyledons 
were  borizoutally  eitendod  aud  proj<;cted  at  right  angles  to  tlie 
line  of  light. .  In  the  uourst)  of  M  h.  they  were  directwl  towards 
tha  light  with  their  hastie  twut  at  right  angles ;  lu  1  tliiii  alrupl 
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ourvatui-e  could  not  have  lieen  aided  in  the  least  by  the  .eiglift 
cf  tlio  upper  port,  whicli  acted  at  right  auglcs  t;.  the  plane  ol 
curvature 

It  will  1-0  shown  that  when  the  upper  halves  of  the  coty- 
ledons of  PlmlBris  and  Avena  were  enclosed  in  little  pipes  of 
tin-foil  or  of  blackened  glass,  in  which  case  the  upper  port  was 
nieehauicflUy  j^revented  from  bending,  the  lower  and  unenclosed 
part  did  not  hend  when  exposed  to  a  lateral  light;  and  it 
occurrud  to  ns  that  this  fact  might  be  due,  not  to  the  exclusion 
of  the  light  from  the  upper  part,  bnt  to  some  necessity  of  tho 
bending  gradually  travelling  down  tlio  cotyledons,  so  that 
uniiifis  tbo  upper  part  tirst  beoaniG  bent,  the  lower  could  not 
bend,  however  much  it  might  be  Btimulated.  It  was  necessary 
for  our  purpOBe  to  ascertaiu  whether  this  notian  was  true,  and  it 
waa  proved  false;  for  the  lower  halves  of  several  cotyledons 
became  lowed  to  the  light,  although  their  Tipper  halves  were 
enclosed  in  little  glass  tubes  (not  blackened),  which  prevented, 
as  far  as  we  could  judge,  their  bending.  Nevertheless,  as  the 
ptu't  within  the  tulje  might  possibly  bend  a  very  Uttlo.  fine  rigid 
rods  or  flat  splinters  of  thin  glass  were  cemented  with  shellac  to 
one  side  of  the  upi>er  part  of  15  cotyledons;  and  in  six  cases 
they  were  in  addition  tied  on  with  threads.  They  were  thus 
forced  tn  remain  quite  straight.  The  result  wag  that  the  lower 
halves  of  all  became  bowed  to  the  light,  but  generally  not  in  so 
great  a  degree  as  the  con-esponding  part  of  the  free  seedlings 
in  the  Ramo  pots;  and  this  may  jwrbapa  be  accounted  for  by 
Bomo  flight  degree  of  injury  having  been  caused  by  a  couaider- 
ahle  surface  having  been  finieared  with  shellac.  It  may  be 
added,  that  when  the  cotyledons  of  Phalaris  and  Avcna  are 
actcfi  on  by  apogeotropism,  it  is  the  upper  part  which  begins 
first  to  bend ;  and  when  thLs  part  was  rendered  rigid  in  the 
manner  just  described,  the  upward  curvature  of  the  basal  part 
was  not  thus  prevented. 

To  test  our  belief  that  the  upper  part  of  the  cotyledons  of 
Phalaris,  when  exposed  to  a  lateral  light,  regulates  the  bending 
of  tho  lower  pai-t,  many  expcrimcntB  were  tried;  but  most  of  our 
liist  attempts  proved  useless  from  varjons  c-auses  not  worth 
specifying.  Seven  cotyledons  had  their  tips  cut  oflf  for  lengths 
varying  between  •!  nnd  '16  of  an  inch,  and  these,  when  left 
exposed  all  day  to  a  lateral  light,  remained  upright.  In  another 
wet  of  7  cotyledons,  the  tips  were  cut  off  for  a  length  of  only 
about  05  of  ail  inch  U'27  mm.)  and  these  became  bowed  towards 
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h  lateral  light,  hut  not  nearly  so  mucli  as  the  many  otlicr  srcd- 
lings  m  the  Kimo  ijots.  This  latter  case  Bhowa  that  cultijig  ofl 
the  tips  docs  not  by  itself  ii^juro  tlie  plants  m  HcrionKly  m  to 
prevent  heliotropiKm;  hot  we  thought  at  Uie  time,  llmt  ^uuli 
injury  might  follow  when  a  greater  length  was  cut  oflT,  as  iu  the 
first  ECt  of  experiments.  Therefore,  no  more  Iriats  of  tliis  kiml 
vzre  matle,  which  we  now  regret;  as  we  afierwiirds  fniml  lliat 
wiien  tlie  tips  of  three  cotyledons  were  cut  off  for  r  length  of 
2  inch,  and  of  four  othera  for  lengths  of  -14,  -12,  -1,  and  -07 
mch,  and  they  were  extended  hotizonlally,  thti  atiipntntion  did 
not  interfere  in  the  least  with  their  b.  nding  vertically  upwards, 
through  the  action  ol  apogeotropiam,  like  unmntilated  Kpeci- 
mens.  It  is  therefore  extremely  iinj)rolmblo  that  ihe  amputntion 
of  the  tips  for  lengths  of  from  ■!  to  -ll  inch,  could  from  the 
injnr.v  thus  causal  have  preyented  the  lower  part  from  bending 
towards  the  light. 

We  next  tried  the  effects  of  covering  the  upper  part  of  tlie 
cotyledons  of  Phalnris  with  little  caps  which  wuro  inipenucablo 
to  light;  the  whole  lowi-r  ftttrt  lieinK  left  fully  expowxi  before  a 
south-west  window  or  a  bright  parntTin  lanip.  Some  of  the  caps 
wore  made  of  extremely  thin  tin-foil  blackened  within;  these 
had  the  disadv/mtnge  of  occaBionnlly,  though  rarely,  being  loo 
heavy,  etsiiecially  when  twice  foldtwl.  The  hasal  edges  could  be 
pressed  into  close  contact  with  the  cotvledous;  though  this 
again  required  care  to  prevent  injuring  tliem.  Kt-vorilieless, 
any  injtiry  thus  caused  could  he  detected  by  removing  the  caps, 
and  trying  whether  the  cotyledons  were  tlien  senKitive  to  light. 
Otlier  cape  wew  made  of  tnltes  of  the  thinnetst  gluss,  wliich 
when  painted  black  served  wcll^  with  the  one  great  disadvantage 
that  tlie  lower  ends  could  not  be  closed.  But  tubus  were  used 
which  tittod  the  cotyledons  almost  closely,  and  Ijlack  paper  was 
placed  oji  tlie  soil  round  each,  to  check  the  upward  reflection  of 
light  from  the  soil.  Such  tal>es  were  in  one  rcRitL^et  far  Itetter 
than  caps  of  tin-foil,  as  it  was  pijsHible  to  cover  at  the  same 
time  some  cotyledons  with  tniDPpai'ent  and  others  witli  opaque 
tubes ;  and  thus  our  experiments  could  hG  controlled.  It  sliouM 
be  kept  in  niiud  that  young  cotyledons  were  selected  for  trial, 
and  that  these  when  not  interfered  with  l>econie  bowed  down 
to  the  ground  towards  the  light. 

We  will  begin  with  the  glass-tubee,  The  summita  of  nine 
cotyledons,  liiffering  somewhat  in  height,  wcic  euclo.'^ed  for 
mth'.-r  less  than  half  their  lengtlis  in  nncolonrcd  ot  traa-sparLiit 
SI 
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tubes ;  and  these  w«rB  then  exposed  lefore  a  south-west  Trindow 
on  EL  bripht  cluy  for  8  h.  All  of  them  beciiuie  strongly  curvwl 
Utwardfl  the  light,  in  the  same  dejtcrue  as  the  many  otlicr  free 
seedhngfi  in  the  Rnme  pots ;  so  that  the  ghiss-lnbes  certainly  did 
not  prevent  the  cotyledons  from  bending  towards  tiie  light. 
Nineteen  other  cotyledona  were,  at  the  same  time,  similarly 
enclosed  in  tubes  thickly  painted  with  Indian  Ink,  On  five  of 
them,  the  paint,  to  our  surprise,  contracted  after  c37>osTire 
to  the  snnliglit,  and  very  narrow  cracka  were  formed,  through 
which  a  littlo  lipht  I'litertd  ;  and  these  five  eaRes  were  rejected. 
Of  the  remaining  14  cotyledons,  the  lower  halves  of  which  hod 
been  fully  exposed  to  the  light  for  the  whole  lime,  7  continued 
quite  straight  and  upright;  1  was  considerably  bowed  to  the 
light,  and  6  were  slightly  bowed,  but  with  the  exposed  bases  of 
most  of  them  almost  or  quite  straight.  It  is  possible  that  some 
light  may  have  been  reflected  upwards  from  the  soil  and  entered 
the  bases  of  these  7  tubcB,  as  the  sun  shone  brightly,  though 
hiiA  of  blackened  paper  had  been  placed  on  the  kmI  round 
theiQ.  Nevertheless,  the  7  cotyledons  which  were  slightly 
bowed,  together  with  the  7  upright  ones,  presented  a  most  r(v 
nmrknble  contrast  in  appearance  with  the  many  other  seedlings 
in  the  same  pots  to  which  nothing  had  been  done.  The 
blackened  tubes  were  then  removed  from  10  of  these  seedlings, 
nrid  they  were  now  exposed  before  a  lamp  for8h. :  9  of  them 
Iwcnme  greatly,  and  1  moderately,  curved  towards  the  light, 
proving  that  the  previous  absence  of  any  curvature  in  the 
bajwtl  part,  or  the  presence  of  only  a  slight  degree  of  curvature 
there,  was  due  to  the  exclusion  of  light  from  the  upper  part. 

Siniilar  observations  were  mode  on  12  younger  cotyledons 
with  their  upper  halves  enclosed  within  glass-tubes  ooftted  with 
black  varnish,  and  with  their  lower  halves  fully  exposed  to 
bright  sunshine.  In  these  younger  seedlings  the  sensitive  zone 
seems  to  extend  luther  lower  down,  as  was  observed  on  some 
o^her  occasions,  for  two  became  almost  as  much  curved  towards 
the  light  as  the  free  seedlings;  and  the  remaining  ten  weio 
Blightly  curved,  although  the  basal  part  of  several  of  them, 
which  normally  l^ecotnes  more  curved  than  any  other  port, 
oihiHted  liardly  a  trace  of  curvature.  These  12  seedlings 
taken  together  diffenid  greatly  in  their  degree  of  curvature  from 
all  the  many  other  seedlings  in  the  same  ]x>ts. 

Better  evidence  of  the  efficiency  of  the  blackened  tnbcR  wan 
incidentally  afforded  by  some  experiments  hereafter  to  be  given, 
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in  whicli  the  upper  halves  of  H  cotyledons  were  enclosed  ic 
tabes  from  whicb  an  extremel;  narrow  stripe  of  the  block 
vorniBh  had  been  Bcrapod  off.  These  cleared  elripes  were 
Dot  directed  towards  the  window,  bat  obliquely  to  one  side 
of  the  room,  bo  that  only  a  Tory  little  light  could  act  on  the 
upper  halves  of  the  cotyledons.  These  14  seedlings  remained 
during  eight  houi-a  of  exposure  before  a  south-west  wjadow  on 
a  hazy  day  quite  upright;  whereas  all  the  other  many  free 
seedlings  in  the  eamc  pots  became  greatly  bowed  towards  the 
light 

We  will  now  turn  to  the  trials  with  caps  made  of  very  thin 
tin-foil.  These  were  placed  at  different  times  on  the  summits  of 
2i  cotyledons,  and  they  extended  down  for  a  length  of  between 
'15  and  '2  of  an  inch.  The  seedlings  were  expot^  to  a  lateral 
light  for  j«riods  varying  between  6  h.  aO  m.  and  7  h,  45  m., 
which  sufficed  to  cause  all  the  other  eeedliugs  in  the  same  pots 
to  become  almost  rectangularly  bent  towards  the  light.  They 
▼aricd  in  height  from  only  iW  to  1*16  inch,  but  the  greater 
numlier  were  about  75  inch.  Oi  the  34  cotyledons  with  their 
snnunitfi  thns  protected,  3  became  mucli  Ixjiit,  but  not  in  tlie 
direction  of  the  Ught,  and  as  they  did  not  fctrai{,'btcn  thomsclvog 
through  apogeotropism  during  the  following  night,  either  the 
caps  were  too  heavy  or  the  plants  them&&lTes  were  in  a  weak 
amdition;  and  thete  three  cases  may  be  excluded.  There 
are  left  for  consideration  21  cotyledons;  of  these  17  remained 
all  the  time  quite  upright ;  the  other  4  t>ecame  slightly  inclined 
to  the  light,  but  nut  in  a  degree  comparable  with  that  of  the 
many  free  seedlings  in  the  same  pots.  As  the  glaes-tulxss,  when 
unpaintcd,  did  not  prevent  the  cotyledons  from  becrjminp; 
greatly  bowed,  it  cannot  be  supposed  that  the  cai^s  o*"  very 
thin  tin-foil  did  so,  except  through  the  exclusion  of  the  light 
To  prove  tliat  the  plants  had  not  been  injured,  the  caps  were 
removed  from  6  of  the  npriyht  seedlings,  and  those  were  uxposcd 
before  a  jMiraffln  lamp  for  the  same  length  of  tijuu  as  l)eforo 
and  they  now  all  beauiie  greatly  curved  towards  the  light. 

As  caps  between  -15  and  -2  of  an  inch  in  depth  wtiro  thus 
proved  to  be  highly  efficitnt  in  preventing  the  cotyledons  from 
t)euding  towards  the  light,  S  other  cotyledons  were  protected 
with  caps  l)etwoen  only  06  and  "12  in  depth.  Of  these,  two 
remained  vertical,  one  was  considerably  and  five  slightly  curved 
towards  the  light,  but  far  less  so  tban  the  free  eAedlings  in  th« 
same  pots. 
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Another  tria'.  was  madfi  in  a  different  manner,  nnmely,  hj 
baudaKiag  with  strips  of  tin-foil,  about  "2  in  breadth,  the  upper 
part,  I'tit  not  the  actual  summit,  of  oi^ht  moderately  young. 
BcedlingB  a  little  over  half  an  inch  in  heights     Tlic  summits  ami] 
the  basal  parts  were  thus  left  fully  exi>osed  to  a  latfiral  light] 
during  8  h.;  an    upper   intermediate   zone   Ijeing  protected, 
Witli  fnur  of  thcso  Hcedliiigs  the   summits  wore  exposed  for 
a  length  of  "05  inch,  and  in  two  of  them  tliis  part  became 
curved  towards  the  light,  but  the  whole  lower  part  renuiiuetl 
quite  upright;  whereas  the  entire  length  of  the  other  two 
Reedlings  became    slightly  ourred   towards   tlie    light.      The 
summits  of  the  four  other  seedlings  were  exposed  for  a  length 
of  "Qi  inch,  and  of  Uiofle  one  remained  ahuost  upright,  whilst 
the  other  three  became  considerably  curved  towards  the  light , 
The   many  free  seedlings   in  the  same  pots  were  all  greatly' 
curved  towai*ds  the  light. 

From  those  several  sets  of  experiments,  including  those  with 
the  glass-tubcts,  and  those  when  the  tips  were  cut  off,  wo  may^ 
infer  that  the  exclusion  of  light  from  tho  upjicr  part  of  thef 
cotyledons  of  Phalaris  prevents  the  lower  pari,  though  fully] 
exposed  to  a  lateral  light,  from  Iweomiag  curved.    The  summiij 
for  a  length  of  -04  or  '05  of  an  inch,  though  it  is  itself  sensitive] 
and  cnrvcK  towards  the  light,  has  only  a  flight  power  of  canning'! 
the  lower  part  to  bend.    Nor  has  the  exclusion  of  light  from  tlia  [ 
flummit  I'jr  a  length  of  "1  of  an  inch  a  strung  iiiflueuce  on  thaj 
curvature  of  the  lower  p.irt    On  the  other  hand,  an  exchision' 
for  a  length  of  l>et\veen  W  and  "2  of  an  inch,  or  of  the  whole 
upper  half,  plainly  prevents  the  lower  and  fully  illuminated 
part  from  becoming  curved  in  the  manner  (see  Fig.  181)  which 
invariably  occurs  when  a  free  cotyledon  is  exposed  to  a  lateral 
light.    With  very  young  seedlings  the  sensitive  zone  seems  to 
exfend  rather  lower  down  relatively  t^>  their  height  than  in  older 
seedlings.     We  must  therefore  conclude  that  when  seedUnga 
are  freely  exposed  to  a  lateral  light  some  inflttcnee  is  trans- 
mitted from  the  upper  to  the  lower  part^  causing  the  latter  to 
bend. 

This  conclusion  is  supported  by  what  may  be  Been  to  occur 
on  a  small  scale,  especially  with  young  cotyledons,  without  any 
artificial  exchision  of  the  light;  for  thoy  bend  beneath  the  earth 
where  no  light  cjin  enter.  Seeds  of  Phftlaris  were  covercl 
with  a  layer  one-fourth  of  an  inch  in  thickness  of  very  fine 
sand,  consisting  of  extremely  miiaute  grains  of  silex  coated  with 
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oxide  of  iron.  A  layer  of  tbis  sand,  moistened  to  tho  Banae 
degree  as  that  over  the  seeds,  was  spread  over  a  glasR-plate ;  aud 
when  the  hiyer  was  '05  of  an  inch  in  thickness  (carefully  mea- 
euredj  uo  light  from  a  bright  sky  couhl  >_»e  eeeii  to  pass  through 
it,  uiib88  it  was  viewed  through  a  long  hlat^kene^l  tu>>e,  and 
then  a  traoo  of  light  could  be  detected,  but  i>robabiy  much  Uso 
little  to  affect  any  plant.  A  layer  *!  of  an  inch  in  thiekue-ss  wan 
qiiiteimpernnL-ttble  to  light,  as  judged  by  the  eye  aided  by  the  tube. 
It  may  he  worth  adding  that  the  layer,  when  dried,  remained 
e(|iiaUy  impcrDioable  to  light.  This  sand  yielded  to  very  slight 
pressure  whilst  kept  moist,  and  in  this  state  did  nut  contract 
or  crack  in  the  least.  In  a  first  trial,  cotyledons  which  had 
grown  to  a  moderate  height  were  exponed  for  8  li.  before  a  parafiSn 
lamp,  and  they  became  gryatly  bowed.  At  their  \mnes  on  the 
shaded  side  opposite  to  tho  light,  wull-defiued,  crrscentic,  open 
farrows  were  formed,  which  (measured  under  a  microscope  with 
a  mi<'Tometer)  were  from  02  to  03  of  an  iucli  in  bnadtli,  and 
Iheee  had  evidently  been  left  by  tlie  bending  of  the  buried  bases 
of  the  cotyledons  towards  the  light.  Ou  the  side  of  tbe  light 
the  cotyledons  were  in  close  contact  with  the  eaud,  which  was  a 
very  little  heaped  up.  By  removing  with  a  sbarp  knife  the 
sand  on  one  side  of  the  cotyledons  in  the  lino  of  the  !ig!it,  tha 
bent  portion  and  the  open  furrows  were  found  to  extend  down 
!o  a  ilepth  of  alioiit  1  of  an  inch,  where  uo  light  could  enter. 
The  chords  of  tlie  short  buried  arcs  formed  in  four  cases  angles 
of  IP,  la^,  15^  and  IfT,  with  the  peri-eudieulai-.  By  the 
foUowinK  morning  these  short  bowed  portions  had  straightened 
themselves  through  apogeotropism. 

In  the  next  trial  much  younger  cotylcilone  were  similarly 
treated,  but  were  exposed  to  a  rather  obscure  lateral  light. 
After  some  hours,  a  bowed  cotyledon,  '3  inch  in  height,  had  an 
open  furrow  on  tho  shaded  side  'Oi  inch  in  breadth;  another 
cotyledon,  only  *13  inch  in  height,  had  left  a  fnn-ow  '02  inch  in 
breadth.  But  the  moat  curious  case  was  that  of  a  cotyledon  which 
had  just  protruded  above  the  gi-ound  and  was  only  "03  inch  iu 
height,  and  this  was  found  to  be  bowed  in  tho  direction  nf  tho 
light  to  a  depth  of  '2  of  an  inch  lieueath  the  surface.  From 
what  wo  know  of  the  impermeability  t)f  this  sand  to  light,  the 
upper  illuminated  part  in  these  several  cases  must  have  deter- 
iined  the  curvature  of  the  lower  burio<i  jmrtionB,  Hut  an 
iTcnt  cause  of  doubt  may  bo  suggested:  as  the  cotyledons 
are  continually  circomuutaiing,  tliey  tend  to  foz-m  u  minute 
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cmclE  OT  farrow  all  nnind  their  bosea,  which  would  ailniit  a 
little  light  on  all  sides;  but  this  wouIJ  not  hapiwu  when  thej 
were  illmuinated  lalerully,  for  we  know  that  they  qnicfely  bonil 
towards  a  lateral  light,  and  they  then  press  so  firmly  agninst  the 
sand  on  the  illuminated  side  as  to  fun-ow  it,  and  this  woulit 
efiectually  exclude  light  on  thie.  side.  Any  Tight  admitted  on 
the  opjjosite  and  shiwled  Bido,  where  an  open  furrow  is  formed, 
would  tend  to  counteract  the  curvature  towards  the  lamp  or 
other  source  of  the  light-  It  may  be  added,  that  the  use  of  fine 
moist  sand,  which  yields  easily  to  pressure,  waa  indispensablo 
in  the  above  espcrimeuts ;  for  seedlings  mised  in  common  soil, , 
not  kept  especially  damp,  and  exposed  for  9  h.  30  m.  to  a  strong  1 
lateral  light,  did  not  form  an  open  furrow  at  their  bases  on  th« 
shftded  side,  and  were  not  bowed  beneath  thn  surface. 

Perhaps  the  most  striking  proof  of  the  action  of  the  upper 
on  the  lower  part  of  the  cotyledons  of  Phalaris,  when  laterally 
iilumiuated,  was  afforded  by  the  blackened  glass-tube^  (befura  \ 
ftUudcJ  to)  with  very  narrow  stripes  of  the  Tamish  ecrapej] 
off  <Hi  one  side,  throngh  which  a  little  light  was  admitted. 
The  breadth  of  thc^e  Btrir>es  or  slits  varied  Itetwoon  01  and 
"02  inch  (■2.5  and  '51  mra.).  Cotyledons  with  their  upper 
halves  enclosed  in  such  tubes  were  placed  before  a  south-west 
window,  in  such  a  position,  that  the  scraped  stripes  did  not 
dii-ectly  face  the  window,  but  obliquely  to  one  side.  The  seed- 
lings were  left  exposed  for  8  h.,  t»efore  the  close  of  which  time 
the  many  free  seedlings  in  the  same  pots  had  become  greatly 
bowed  towards  the  window.  Under  these  circumstances,  the 
whole  lower  halves  of  the  cotyledons,  which  had  their  summits 
enclosed  in  the  tabes,  were  fully  exposed  to  the  light  of  tlie 
sky,  whilst  their  nppur  halves  received  exclusively  or  chiefly 
diffused  light  from  the  room,  and  this  only  through  a  very 
narrow  slit  on  one  side.  Now,  if  the  curvature  of  tbc  lower 
part  had  boon  determined  by  the  illumination  of  this  part,  all 
the  cotyledons  assuredly  would  have  l>Bcome  curved  towanis 
the  window;  but  this  was  tar  from  being  the  case.  Tubes 
of  ibii  kind  just  described  were  placed  on  several  occasions 
over  the  np|>er  lialvea  of  27  cotyledons;  14  of  them  remained 
all  tlie  time  quite  vortical;  so  that  sufficient  diffused  light 
did  not  enter  through  the  narrow  slits  to  produce  any  effect 
whatever;  and  they  behaved  in  the  t^Aiae  manner  as  if  theii 
upper  halves  had  been  ouclosed  in  completely  blackened  tubeo. 
Xho  lower  hu'viw  of   the  13  other  cotvledona   became  bowud 
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mot  diroctl>  ia  the  liae  of  the  n-indow,  bui  obliquely  towards 
it;  uiiu  poiuted  at  an  angle  of  only  18°,  but  the  remaining  13 
at  angles  varying  between  45°  and  02"  from  the  line  of  the 
window.  At  the  conmieuecmeut  of  the  experiment,  pins  had 
been  laid  on  tliu  earth  iu  the  direction  towards  which  the  bIOh  in 
the  varnish  &iced;  and  in  this  direction  alone  a  small  amount 
of  diffused  light  enteretl.  At  the  close  of  the  experiment,  7  ot 
the  bowed  cotyledons  pointed  exactly  in  the  line  of  the  pins, 
and  6  of  them  in  a  line  between  that  of  the  pin^  and  that  of  the 
window.  This  intermidiate  poRition  is  intelligible,  for  any  light 
fi-om  the  sky  which  entered  obliquely  through  the  elitci  would 
be  much  more  efficient  than  tlie  diffused  light  which  entered 
directly  thi'ough  them.  After  the  8  h.  exposure,  the  contrast 
in  appearance  between  these  13  cotyledons  and  the  many  other 
soedlinga  in  the  same  pots,  which  were  all  (excepting  the  above 
14  vertical  ones)  greatly  bowed  iu  straight  and  parallel  lines 
towards  the  window,  was  extremely  remarkable.  It  is  therefore 
certain  that  a  little  wewk  light  striking  the  upper  halves  of  the 
cotyledons  of  Phalaris,  is  far  more  potent  iu  determining  the 
direction  of  the  curvature  of  the  lower  halves,  than  the  fuU 
lllaminatiou  of  the  latter  during  the  whole  time  of  exposure. 

In  coafirnmtion  of  the  above  results,  the  effect  of  thickly 
painting  with  Indian  ink  one  side  of  the  upper  part  of  three  coty- 
ledons of  Phalaris,  for  a  length  of  '  2  inch  from  their  tipe^  may  be 
worth  giving.  Xhesa  were  placed  bo  that  the  unpaintcd  suriace 
was  directed  not  towards  the  window,  but  a  little  to  one  side ; 
and  they  all  became  bent  towards  the  uupaintM  Bide,  and  from 
the  line  of  the  window  by  angles  amounting  to  31°,  35°,  and  83°. 
Tlic  curvature  iu  this  dii'ei^tion  extended  down  to  their  ba^e^, 
altbougk  the  whole  lower  part  was  fully  exposed  to  the  light 
from  the  window. 

Finally,  althouf^h  there  can  be  no  doubt  that  the  illnmination 
of  the  upper  part  of  the  cotyledons  of  Phalaris  greatly  affects 
tlie  p3wer  and  manner  of  bending  of  the  lower  part,  yet  some 
observations  seemed  to  render  it  proliable  that  the  simultaneous 
vtimulation  of  the  lower  part  by  bght  greatly  favours,  or  is 
almost  necessary,  for  its  well-marked  curvature ;  hut  our  eiperi- 
menta  were  not  conclusivd,  owing  to  the  difficulty  of  excluding 
light  from  the  lower  halves  without  mechanicalEy  preventing 
tixcir  curvatiira 

Amiiu  taUua.—The  cotyledons  of  this  plant  becoiae  quickly 
ocwed  towards  a  lateral  light,  exactly  like  those  of  Plmloria. 
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F.xpcrinientfl  <;-'miIar  to  tlio  foregoing  ones  woro  tried,  nnd  wc 
will  give  the  results  us  briefly  as  i>08sibla  They  are  somewltal 
less  conclusive  than  iu  tlic  case  of  Phalaris,  and  tin's  niiiy 
poRsilily  bo  nccountod  for  by  the  scnKitive  zone  varying  in  exteu- 
Bion,  in  a  species  so  long  cultivated  and  varial.  le  as  the  eomnion 
Oat.  Cotyledons  a  little  under  tlu-ee-quurtcrs  of  au  inch  in 
heitjht  were  selected  for  trial  :  six  had  their  sunimits  protected 
from  li^dit  by  tin-foil  caps,  -25  i'lch  in  depth,  and  two  others  by 
fap«  '3  inch  in  depth.  Of  these  8  cotyledons,  five  remained 
upnt;ht  during  8  houre  of  exposure,  althoagh  their  lower  parts 
were  Pidly  ex]>osei3  io  the  light  all  the  time;  two  were  very  slightly, 
and  one  considLrably^ltorted  towards  it.  Capsonly  '2  or  -22  inch 
in  depth  were  placed  over  4  other  cotyledons,  and  now  only  one 
remained  upright,  on©  was  slightly,  and  two  conBidcrably  bowed 
to  the  light.  In  this  and  the  following  cases  all  the  free  eeedlinga 
in  the  some  pots  became  greatly  Ixiwed  to  the  I'ght. 

Our  next  trial  was  made  with  short  lengths  of  thin  and 
fairly  transparent  quills;  for  ElaKs-tnl>G9  of  Kiiffieient  diameter 
to  go  over  the  cotyledons  would  hove  been  too  heavy.  Firstly, 
the  summits  of  13  cotyledons  were  cncloscti  in  tinpainted 
luills,  nnd  of  the-se  11  became  greatly  and  2  slightly  bowed 
to  the  light;  so  that  tlie  mere  act  of  enclosnre  did  not  prevent 
the  lower  part  from  becoming  bowed.  Secondly,  the  snmmitit 
of  11  cotyledons  were  enclosed  in  quills  '3  inch  in  length,  painted 
so  as  to  Ite  iinpemieablo  to  light;  of  these,  7  did  not  be- 
come nt  all  inclined  towards  the  light,  but  3  of  tliein  were 
slightly  bont  more  or  less  trtxnRverRely  with  rcBpect  to  the  line 
of  l%ht,  and  these  might  jierhaps  have  l>een  altogetticr  ex- 
cluded; one  alono  waa  slightly  bowed  towards  the  light. 
Painted  quills,  '25  inch  in  length,  were  placed  over  the  -summits 
of  4  other  cotyledons;  of  these,  one  alone  remained  upright,  a 
second  was  slightly  bowed,  and  the  two  others  as  much  tww&l 
to  the  light  as  the  free  seedlings  in  the  same  pots.  These  two 
latter  cases,  conaidcring  that  the  caps  wore  '25  in  length,  are 
inexplicjvble. 

Lastly,  the  Bumraits  of  8  cMyledons  were  coated  with  flexible 
and  highly  trans|>arent  gold- beat  el's*  skin,  and  all  became  as 
much  bowKl  to  the  light  as  the  froo  seedlings.  The  summits  of 
9  other  cotyledons  were  similarly  coated  with  gold->)eaters'  skin, 
which  was  then  [jftinted  to  a  depth  of  l:K;tween  '25  and  '3  inch, 
so  as  to  lie  impermeable  to  light;  of  these  5  remained  upright^ 
and  i  were  well  bowed  to  the  light,  almost  or  quite  as  well  ai 
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tho  free  sucdlings.  These  latter  fonr  cases,  as  well  as  the  two 
iu  the  last  pamgraph,  offir  a  strong  exception  to  tho  rule  that 
the  illnmiualiou  of  the  upper  part  deteruiinejj  the  curvatuiv  of 
the  lower  part-.  Nevertheless,  5  of  t)icse  8  cotyledons  renminod 
quite  uprit;lit,  ultliongh  theirlowor  halves  were  fully  illuminated 
all  the  time;  aud  it  wouUl  nluiost  lio  ft  prodii^y  to  fiud  five  free 
Bcedliugs  statidiiig  vertically  after  an  exposure  for  several  hours 
to  a  lateral  light. 

Tho  cotyledons  of  Aveim,like  those  of  Phalflris,  when  growing 
in  soft,  damp,  fine  sand,  leave  an  o|)en  crescentric  farrow  on  the 
ehiiJed  side,  after  bending  to  a  lateral  Ught ;  and  they  become 
bowed  licneuth  tho  surface  lit  a  depth  to  which,  as  we  know, 
light  cannot  penetrate.  The  arcs  of  the  chords  of  the  buried 
bowed  portions  forniefl  in  two  Pases  angles  of  20°  and  Ql''  with 
the  perpendicular.  The  open  furrows  on  tlie  shaded  side  were, 
iu  four  cases,  '008,  'OIC,  -QM,  aud  -024  of  an  inch  in  breadth. 

JJraasica  olerwsea  (Common  Red). — It  will  here  be  shown  that 
the  upper  half  of  tho  hypocotyl  of  the  cabbnge,  when  iJIuminatod 
by  a  lateral  light,  determines  the  curvature  of  the  luwer  iiatf. 
It  is  necessary  to  exporimeiitise  on  young  seedlings  about  half 
an  inch  or  rather  less  iu  height,  for  when  grown  to  an  inch  and 
upwards  the  basal  part  cciuso.s  to  bend.  We  first  tried  painting 
4he  hypocotyls  with  Indian  ink,  or  cutting  oflF  their  summits  for 
various  lengths ;  but  these  expedmeuts  are  not  worth  giving, 
though  they  confirm,  as  far  as  they  can  be  trusted,  the  results 
of  tho  following  ones.  These  were  made  by  folding  gold-beaters' 
skin  once  round  the  upper  halves  of  young  hypoootyls,  and 
painting  it  thickly  with  Indian  ink  or  with  black  grtasa  As 
a  control  experiment,  tho  same  iransparent  skin,  left  unpaintcd^ 
wau  fuUltxl  round  the  upper  halves  of  12  hypocotyls ;  and  these 
all  became  p-eatly  curved  to  tho  bght,  e^xcepting  one  which  was 
only  moderately  curved.  Twenty  other  youuK  hypocotyls  had 
the  skin  round  their  upper  halves  painted,  whilst  their  lowtr 
halveB  were  left  quite  uncovenxl.  These  sealliDge  were  th-.-n 
exposed,  generally  for  Itetween  7  and  H  h.,  in  a  box  blackened 
within  and  open  in  front,  either  before  a  south-west  window  or 
a  paraffin  lamp.  This  exposure  was  amply  sufficient,  as  was 
shown  by  the  strongly-marked  heliotrojrism  of  all  the  free  seed- 
lings in  the  same  pots ;  nevertheleRS,  some  were  left  n.xnosed 
to  the  light  for  a  much  longer  time.  Of  the  20  hvnacotyla 
Ihns  treated,  14  remained  quite  upright,  and  C  Ijecame  sliuhtly 
twwed  to  tho  light;  but  2  of  these  latter  coses  were  not  really 
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exofpiione.  Tor  on  removing  the  skin  the  paint  was  found  im- 
perfect and  was  ]W!nt!trjitwl  hy  many  cmaW  transparent  spacen 
on  the  side  which  fticed  the  Ught  Moreover,  ia  two  other  cases 
the  painted  skin  did  not  extend  qnite  halfway  down  the  hypo- ' 
cotyl.  Altogether  there  was  a  wonderful  contrast  in  the  scviora) 
polB  between  tliese  20  hypocotyla  and  the  other  mnny  frt'e 
eeedlings,  which  wero  all  greatly  bowed  down  to  their  Itascs  m 
the  direction  of  the  Ught,  some  being  almost  prostrate  on  the 
gi-oniid. 

The  most  successfial  trial  on  any  one  day  (included  in  the 
alxjve  results)  is  worth  desicrihing  in  detail.  Six  young  seed- 
lings were  selected,  the  hypocotyls  of  which  wcro  nearly  'dS  inch, 
excepting  one,  which  was  -6  inch  in  ht.'ight,  measured  from  the 
basea  of  their  petioles  to  the  ground.  Their  upper  halves, 
judged  as  accunitely  as  could  he  done  by  the  eye,  were  folded 
once  round  with  gold-be^aters'  skin,  and  this  was  painted 
thickly  with  Indian  ink.  They  were  exposed  in  an  otherwise 
darkened  room  before  a  bright  parafBn  lamp,  which  stood  on 
a  level  with  the  twu  puis  containing  the  BcedHngs.  They 
were  first  looked  at  after  an  interval  of  Ci  h,  10  m.,  and  five 
of  the  protected  hypocotyls  were  found  quite  erect,  the  sixth 
Imiiig  very  slightly  inchned  to  the  light ;  whereas  all  the  many  ] 
i_>eo  seedlings  in  the  same  two  pots  were  greatly  bowed 
to  the  light.  They  were  again  examined  after  a  continuous 
exjxtsure  to  the  Ught  of  20  h,  35  m.;  and  now  the  contrast 
Iwtween  the  two  sets  was  wonderfully  grejit;  for  the  free  seed- 
lings had  tlicir  hypocotyls  extended  almost  horizontally  in  the 
direction  of  the  light,  and  were  curved  down  to  the  gronnd ; 
whilst  those  with  the  upper  halves  protected  by  the  painted 
6ldn,  but  with  their  lower  halves  fully  exposed  to  the  light,  still 
remained  quite  upright,  with  the  exception  of  the  one  which 
retained  the  same  slight  inclination  to  the  light  which  it  had 
before.  This  latter  seedling  was  found  (o  have  been  rather 
tkadly  painted,  for  on  the  side  facing  the  light  the  red  ooloui 
of  the  hypocotyl  could  be  distinguiahod  through  the  point. 

We  next  tried  nine  o^der  seedhngs,  the  hypocotyls  of  which 
varied  between  1  and  Id  inch  in  height.  The  gold-beaters' 
gkin  round  their  upper  parts  was  painted  with  black  grease  to 
a  dtpth  of  only  '8  inch,  that  is,  from  less  than  a  third  to  a  fourtfc 
or  fifth  of  their  total  heights.  They  were  exposed  to  the  light 
fur  7  h.  15  m.;  and  the  result  showed  that  the  whole  of  tlie 
semiitiTe  zone,  which  detennines  the  'Curvature  of  the  lowoj 
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pari,  was  not  protected  from  the  action  of  the  light;  for  all  9 
became  curved  towards  it,  4  of  th^m  Tory  slightly,  3  moderately, 
and  2  almost  as  much  as  Die  unprotected  seedlings.  Noverthft- 
lesa,  the  whole  9  taken  together  difforetl  plainly  in  their  degree 
of  curvature  from  the  luaiiy  fn.'0  seedlings,  aiul  from  Boino 
which  were  wrapped  in  unpainted  Blcin,  growing  in  the  iame 
two  pots. 

Seeds  were  covered  with  about  a  quarter  of  an  inch  of  the  fine 
sand  deBcribed  under  ThalanR ;  ami  when  the  hypocotyls  had 
grown  to  a  height  of  between  -4  and  "So  inch,  they  were  exposed 
during  y  h.  l)efore  a  paraffin  lamp,  their  hafies  being  at  first 
closely  Burroundud  by  the  damp  sand.  They  all  became  Iwwcd 
down  to  the  ground,  so  that  their  upper  parts  lay  near  to  and 
almost  parallel  to  the  surface  of  the  soil.  Ou  the  tsiile  of  the 
light  their  bases  were  in  close  contact  with  the  sand,  which  was 
here  a  Tei-y  little  heaped  up;  on  the  opposite  or  shaded  side 
there  were  open,  cresccntic  cracks  or  furrows,  rather  above  'Q\ 
of  an  inch  in  width ;  hut  they  were  not  bo  sharp  and  regular 
as  those  made  by  Fhalaris  and  Aveoa,  and  therefore  could  not 
be  so  easily  measured  under  the  microscope.  The  hypocotyls 
were  found,  when  the  sand  was  repfloved  on  one  side,  to  bo 
curved  to  a  depth  beneath  the  surface  in  three  crises  of  at  least 
•1  inch,  in  a  fourth  case  of  '11,  and  in  a  fifth  of  "15  incli.  The 
chords  of  th«  arcs  of  the  short,  buried,  bowed  portions  formed 
angles  of  between  11°  and  15°  with  the  perpendicular.  From 
what  we  have  seen  of  the  impermeability  of  this  sand  to  light, 
the  curvature  of  tho  hypocotyls  certainly  extended  down  lo  a 
depth  where  no  light  could  enter;  and  the  curvature  must 
have  been  cau'^ed  by  an  influenoe  transmitted  from  the  upper 
illuminated  part. 

The  bwer  halves  of  five  young  hypocotyls  were  surrounded  by 
UDpaitttfid  gold-btatera'  skin,  and  these,  after  an  exposure  of  8  h. 
before  a  paraffin  lamp,  all  became  as  much  bowed  to  the  light 
as  the  free  seedlings.  The  lower  halves  of  10  other  young 
hypocotyls,  similarly  Burrounded  with  the  akin,  were  thickly 
painted  with  Indian  ink;  tiieir  upper  and  unprotected  halves 
became  well  carved  to  the  light,  but  their  lower  and  protcoteii 
halves  remained  vertical  in  all  the  cases  excepting  one,  and  on 
this  the  layer  of  paint  was  imperfect.  This  result  seems  to 
prove  thiit  the  influence  traiisniitted  from  the  up^wr  part  in 
Dot  sufSciont  to  cause  the  lower  part  to  Ixiiitl,  unless  it  bo  at 
the  Bamo  time  illuminated ;  but  there  remains  tlio  doubt,  as  in 
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tho  caso  of  Phalaris,  wliethor  the  skin  covoi-inl  with  a  raibni 
lUick  crust  of  tlr>  liuiiau  iiik  did  not  meclianicully  preveut 
their  curvature. 

Bitti  vttJ(juris.~X  few  analogous  dxperiments  were  tiied  on 
this  plaut,  wbicli  is  uot  vi-ry  weU  adiipteil  for  the  purpOKe,a«  the 
basal  part  of  the  hypoootyl,  after  it  has  grown  to  above  half  an 
inch  in  height,  dcxis  uot  bend  much  on  exi^osure  to  a  lateral 
light.  Four  hypocotylB  were  surroiindeJ  close  beneath  their 
petioles  with  strips  of  thin  tin-foil,  '2  inch  in  breadth,  and  thoy 
remained  upijglit  all  day  before  a  paraSn  lamp;  two  others 
were  aui-rouiidwi  with  strips  "lo  inch  in  bi'eadth,  and  one  of 
those  remained  upright,  the  other  becoming  bowed  ;  the  band- 
ages in  two  other  cases  were  only  •  1  inch  in  breadth,  and  both 
of  these  hypocotyls  became  bowed,  though  one  only  Blightly, 
towards  the  light.  The  free  Rccdlings  in  the  same  pots  were 
ail  fairly  woU  ciirrcd  towards  tho  light;  and  during  tlic  follow- 
ing night  became  nearly  upright.  The  pots  were  now  tuined 
round  and  placed  before  a  window,  so  that  the  opposite  sides 
of  the  Keedlings  wore  exjjoeed  to  the  light,  towanis  which  all 
the  unprotected  bypocolyls  Iwcame  bent  in  the  course  of  7  h. 
Seven  out  of  the  8  seedlings  with  bandages  of  tin-foil  remained 
upright,  but  one  which  hud  a  handugo  only  '1  inch  in  brejidth, 
became  curved  to  the  light.  On  another  occasion,  tho  upper 
halves  of  7  hyjjocotyls  were  surrouudod  with  painted  gold- 
beaters' skin ;  of  these  4  remained  upright,  and  3  became  a  littla 
curved  to  tliu  light:  at  the  same  time  -t  other  seedlings  sur- 
ronnded  with  unpalnted  skin,  as  well  as  tlio  free  ones  in  the 
Slime  pots,  ail  iKJcaraa  bowed  towards  tho  lamp,  before  which 
they  had  been  exposed  during  22  hours. 

Jt'adicUs  of  >ijmpis  a/tw.— Tlie  radicles  of  some  plants  are 
indifferent,  as  far  as  curvature  Js  ooncemed,  to  the  action  uf 
light;  wtiilet others  Ivend  towards  and  others  fi-om  it.*  Whether 
these  movementJi  are  ef  any  serrice  to  tho  plant  is  very  doubtful, 
at  least  in  the  ease  of  subterranean  roots ;  they  protiably  result 
from  the  ladicles  being  sensitive  to  contact,  moisture,  and  gravi- 
tation, and  as  a  consoq^nenco  to  other  jrrilauts  which  are  never 
naturally  encountered.  '1  bo  radicles  of  Sinapis  alixt,  when 
immersed  in  »atcr  and  exposed  to  a  latoral  hght,  bend  from  it, 
OT  are  apheliotropie.  I'liay  Ixjconie  licnt  for  a  length  of  aboat 
A  mm.  from  their  tips.    To  ascertain  whetlier  this  movemeut 
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geDcnill;  occurred,  it  radicles,  which  had  pcrmiimtod  in  damp 
itawduKt,  ttore  immersed  in  water  and  expo.^etl  to  a  lateral  light ; 
aud  they  all,  witli  two  doubtful  cxceplionSj  l>eL'niiio  curved  from 
the  light.  At  tite  same  time  tlie  tips  of  54  otlior  radicles, 
Mtnilurly  exposed,  wero  jiist  touclicd  witli  nitrate  of  silver. 
Tlioy  wera  blackened  for  a  length  of  from  '05  to  07  mm.,  and 
proluiUy  killaf;  hut  it  should  be  ohscrvod  that  ih  h  did  not 
clteok  materially,  if  at  all,  tl]e  groivth  of  the  upper  jxtrt;  for 
Bevcral,  which  were  measured,  inorcjised  in  the  course  of  only 
8-9  h.  hy  5  to  7  mm.  in  length.  Of  the  54  caulerised  radicles 
one  case  wa-s  doibtful,  25  curved  tlioniselvis  from  tlic  light,  in 
the  normal  manner,  and  28,  or  more  than  ha'f,  wero  not  in  the 
least  apheliotropic.  There  was  a  considerable  difference,  which 
we  cannot  account  for,  in  iho  results  of  the  experiments  tr.'yd 
towards  tlio  end  of  April  and  in  the  middle  of  Septemi  er. 
Fifteen  radicles  (part  of  the  above  04)  were  cauterised  at  the 
former  period  aud  were  exposed  to  sunsldno,  of  whicli  12  failed 
to  lie  apheliotropic,  2  wore  still  apheliotropic,  and  1  wa.s  doubt- 
ful. In  September,  39  cauterised  radicles  were  exjtosed  to  a 
northern  light,  heing  kept  at  a  proper  temperature;  and  now 
23  fontinued  to  be  apht-'liotropic  in  the  iioruial  manner,  ami 
only  l(i  failed  to  hrnd  fnira  the  light.  Looking  at  the  aggregate 
resnlta  at  l>ot,li  jjeriods,  there  can  be  no  doubt  that  tlie  de- 
Htniction  of  the  tip  for  less  t)iaii  a  millimetL'rin  length  destroyed 
in  more  than  half  the  eases  their  power  of  moving  from  the 
light.  It  is  probable  that  if  the  tips  had  l)een  cautcripcd  for 
the  length  of  a  whole  millimeter,  all  signs  of  aphcliotropism 
would  liave  disappeared.  It  may  be  suggtsled  that  allliough 
the  application  of  caustic  does  not  stop  gruwth,  yet  enough  may 
be  al^sorbed  to  des^troy  the  power  of  movement  in  the  uj)per 
part;  but  this  suggcstiou  muf^t  lie  rfjected,  for  wo  have  seen 
and  shall  again  see,  that  cauterising  one  side  of  the  tip  of  various 
kinds  of  radicles  actually  excite.s  movement.  The  conclusion 
atetuB  iiievitable  that  senfiitiveuess  to  light  resides  in  the  tip 
of  the  radicle  of  Sinapis  aUni;  ami  that  the  iip  when  thus 
stimulated  transmits  some  influence  to  the  upper  j^art,  causing 
it  to  bend.  The  cafio  in  this  respect  is  parallel  with  that  ot 
the  radicles  of  several  plants,  the  lijLs  of  which  are  seuBitivo  to 
(xmtnct  and  to  other  irrilants,  and,  as  will  be  shoflTi  in  iha 
eleTenth  chapter,  to  gravitatiou. 


JU*4  CONCLUDING  REMARKS  AND  Ch4f, 

CoNCLumNG  Remarks  and  Suhhart  of  Chapter. 

We  do  not  know  whetliei*  it  is  a  general  nile  with 
seedling  plants  that  the  illamiuatiun  of  the  upper 
port  determines  the  curvature  of  the  lower  part.  But 
i\a  this  occurred  in  the  four  species  examined  hy  us, 
belonging  to  such  distinct  families  as  the  Gramineie, 
Cruciferae,  and  Chenopodefe,  it  is  probably  of  common 
occurrence.  It  can  hardly  fail  to  be  of  service  to  seed- 
lings, by  aiding  them  to  find  the  shortest  path  from 
the  bmied  seed  to  the  light,  on  nearly  the  same 
])rinciple  that  the  eyes  of  most  of  the  lower  crawling 
animals  are  seated  at  the  anterior  ends  of  their  bodies. 
It  is  extremely  doubtful  whether  with  fully  developed 
plants  the  illumination  of  one  part  ever  affects  the 
curvature  of  another  part.  The  summits  of  5  young 
plants  of  Asparagus  officinalia  (varying  in  height  Ije- 
tween  Tl  and  2'7  inches,  and  consisting  of  several 
short  intemodes)  were  covered  with  caps  of  tin-foil 
from  0*3  to  035  inch  in  depth ;  and  the  lower  un- 
covered parts  became  as  much  curved  towards  a  lateral 
light,  as  were  the  free  seedlings  in  the  same  pots. 
Other  seedlings  of  the  same  plant  had  their  snmmita 
painted  with  Indian  ink  with  the  same  negative  result. 
Pieces  of  blackened  paper  were  gummed  to  the  edges 
and  over  the  bladns  of  some  leaves  on  young  plants-of 
Tropseolum  majus  and  lianunctilus  ficaria;  these  were 
then  placed  in  a  box  before  a  window,  and  the  petioles 
of  the  protected  leaves  became  curved  towards  the 
light,  as  much  as  those  of  the  unprotected  leaves. 

The  foregoing  cases  with  respect  to  seedling  plants 
have  been  fully  dcscriberl,  not  only  because  the  trans- 
mission of  any  effect  from  light  is  a  new  physiological 
fact,  but  because  we  think  it  tends  to  modify  somewhat 
the  curroot  views  on  heliotropic  movements.     Until 
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lately  such  movements  were  believed  to  result  simply 
from  increased  growth  on  the  shaded  aide.  At  present 
it  is  commonly  tidmitted  *  that  diminished  light  in- 
creases the  turgesceuce  of  the  cells,  or  the  extensibility 
of  the  cell-walls,  or  of  both  together,  on  the  shaded 
side,  and  that  this  is  followed  by  increased  growth, 
Jlut  Pfeffer  lias  shown  that  a  tlifference  in  the  tur- 
gesceuce on  the  two  sides  of  a  pulviuus, — that  is,  an 
aggregate  of  small  cells  which  have  ceased  to  grow  at 
an  early  age, — is  excited  by  a  difference  in  the  amount 
of  light  received  by  the  two  sides;  and  that  move* 
ment  is  thus  caused  without  being  followed  by  in- 
creased growth  on  the  more  turgescent  side-t  All 
observers  apparently  believe  that  light  acta  directly 
on  the  part  which  bends,  but  we  have  seen  with  the 
above  described  seedlings  that  this  is  not  the  case. 
Their  lower  halves  were  brightly  illuminated  fnr  lioin-s, 
and  yet  did  not  bend  in  the  least  towards  the  light, 
though  this  is  the  part  which  under  ordinary  circum- 
stances bends  the  most.  It  is  a  still  more  striking 
fact,  that  the  faint  illumination  of  a  narrow  stripe  on 
one  aide  of  the  upper  part  of  the  cotyledons  of  Phalaris 
determined  the  direction  of  the  curvature  of  the  lower 
part ;  so  that  this  latter  part  did  not  bend  towards  the 
bright  light  by  which  it  had  been  fully  illominated, 
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but  obliquoly  towards  one  side  where  only  a  Uttle 
light  entered.  These  results  seem  to  imply  the  pre- 
sence of  some  matter  in  the  xipper  part  which  is  acted 
on  by  light,  ami  wbich  transmits  its  elVects  tc  the 
loHver  part.  It  has  been  shown  that  this  tranamissioA 
is  independent  of  the  bending  of  the  upper  acnsitiTt* 
part.  We  have  an  analogous  ease  of  transmissiuu  in 
Drosera,  for  when  a  gland  ia  irritated,  the  basal  and 
not  the  upper  or  intermediate  part  of  the  tentacle 
bends.  The  flexible  and  sensitive  filament  of  Biomea 
likewise  transmits  a  stimulus,  without  itself  bending ; 
as  does  the  stem  of  Mimosa. 

Light  exerts  a  powerful  influence  on  most  vege- 
table tissnes,  and  there  can  be  no  doubt  that  it 
generally  tends  to  check  their  growth.  But  when  the 
two  sides  of  a  plant  are  iiluniinated  in  a  slightly 
different  degree,  it  does  not  necessarily  follow  that 
tile  beading  towards  the  iUuminated  side  is  caused  by 
changes  iu  the  tissues  of  the  same  nature  as  those 
which  lead  to  increased  growth  in  darkness.  We 
know  at  least  that  a  part  may  bend  from  the  light, 
and  yet  its  growth  may  not  be  favoured  by  liglit. 
This  is  tlic  case  with  the  radi(des  of  Sinapis  aUta^  which 
are  phiinLy  apheliotropic ;  nevertheless,  they  grow 
quicker  in  darkness  than  in  light.*  So  it  is  with 
many  aerial  roots,  according  to  W^iesner  ;t  but  there 
are  other  opposed  ctxses.  It  appears,  therefore,  that 
light  does  not  determine  the  growth  of  apheliotropic 
parts  in  any  uniform  manner. 

We  should  bear  in  mind  that  the  power  of  bending 
to  the  light  is  highly  beneficial  to  most  plants.    There 
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id  therefore  no  improbability  in  this  power  Jiaving  been 
specially  acquired.  In  several  respects  li^jht  setms  to 
act  on  plants  in  nearly  the  siuue  manner  us  it  <Ioes 
on  auiiuals  by  means  ol'  the  uervuua  system.*  Witb 
seedlings  the  eiTect.  as  we  have  just  seen,  is  trans- 
nutted  ti'om  one  part  to  another.  An  animal  may  bo 
excited  to  move  by  a  very  small  amount  ol'  lit,dit;  and 
it  has  been  shown  that  a  diflerence  in  the  illumination 
of  the  two  aides  of  the  cotyledons  of  Phaltu-is,  which 
could  not  be  distinguished  by  the  human  t>y*e,  suflioed 
to  cause  them  to  bend.  It  has  also  been  shown  that 
filers  is  no  close  parallelism  between  the  amount  of 
light  whioh  acts  on  a  plant  and  its  degree  of  eurva- 
ture;  it  was  indeed  haidly  possible  to  perceive  any 
diflerence  in  the  ciu-vature  of  some  seedlings  of  Phalaria 
exposed  to  a  light,  whicli,  though  dim,  was  very  much 
brighter  than  that  to  which  others  had  been  exposed. 
The  retina,  after  being  stimulated  by  a  bright  light, 
feels  the  effect  for  some  time;  and  Phahiris  continued 
to  bend  for  nearly  half  an  hour  towards  the  side  which 
bad  been  illuminated.  Tho  retina  cannot  perceive 
a  dim  light  after  it  has  been  exposed  to  a  bright  one; 
and  iilants  wliicli  had  been  kept  in  the  daylight 
during  the  previous  day  and  morning,  di<l  not  move 
so  soon  towai-ds  an  obscure  lateral  light  as  did  others 
wliirh  had  been  kept  in  complete  darkness. 

Even  if  light  does  act  in  such  a  manner  on  tho 
growing  parts  of  plants  as  always  to  excite  in  them 
a  tendency  to  bend  towards  the  more  illuminated 
Bide — a  supposition  contradicted  by  the  foregoing 
csperiments  on  seedlings  and  by  all   apheliotropio 
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organs — yot  the  tendency  differs  greatly  lu  different 
species,  and  is  variable  in  degree  in  the  individuals  of 
the  same  species,  as  may  be  seen  in  almost  any  pot 
uf  seedlings  of  a  long  cultivated  plant.*  There  is 
therefore  a  basis  for  the  modification  of  this  tendency 
to  almost  any  beneficial  extent.  That  it  has  been 
modified,  we  see  in  many  cases:  thna,  it  is  of  moro 
importance  for  insectivorons  plants  to  place  their 
leaves  in  the  best  position  for  catcliing  insects  than 
to  turn  their  leaves  to  the  light,  and  they  have 
no  stich  power.  If  the  stems  of  twining  plants  were 
to  bend  t-owards  the  lip^ht,  ihey  would  often  be  dra^m 
awny  from  their  supports ;  and  as  we  have  seen  they 
do  not  thus  bend.  As  the  stems  of  most  other  plants 
arc  heliotropic,  we  may  feel  nlmnst  sure  that  tnining 
plants,  which  are  distributed  throughout  the  whole 
vascular  series,  have  lost  a  power  that  their  non- 
climbing  progenitors  possessed.  Moreover,  with  Ipo- 
moea,  and  probably  all  other  twiners,  the  stem*  of  the 
young  plant,  before  it  begins  to  twine,  is  highly  lielio- 
tropic,  evidently  in  order  to  expose  the  cotyledons  or 
the  first  true  leaves  fully  to  the  light.  With  the  Ivy  the 
stems  of  seedlings  are  moderately  heliotropic,  whilst 
those  of  the  same  plants  when  grown  a  little  older 
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are  apbcliotropic.  Some  tendrils  which  consist  of 
modified  leaves — organs  in  all  ordinary  caais  strongly 
diaheliotropic — Imve  been  rendered  aph el io tropic,  auil 
their  tips  crawl  into  any  dark  crevice. 

Even  in  the  case  of  onliiiary  heliotropio  movementa, 
it  is  hardly  credible  that  they  result  directly  from 
the  action  of  the  light,  without  any  special  adaptation. 
We  may  illustrate  what  we  mean  by  the  hygroscopic 
movements  of  plants  :  if  the  tissues  on  one  side  of  an 
organ  permit  of  rapid  evaporation,  they  will  dry 
quickly  and  contract,  causing  the  part  to  bend  to  this 
side.  Now  the  wonderfully  complex  movements  of 
the  pollinia  of  Orchia  ptframidaiu,  by  which  they  clasp 
the  proboscis  of  a  moth  and  afterwards  change  their 
position  for  the  sake  of  depositing  the  pollen-masses 
on  the  double  stigma — or  again  the  twisting  move- 
ments, by  which  certain  seeds  bury  themselves  in 
the  ground  * — follow  from  the  manner  of  drying  of 
the  parts  in  (piestion  ;  yet  no  one  will  suppose  that 
these  results  have  been  gained  without  special  adapta- 
tion. Similarly,  we  are  led  to  beiievo  in  adaptation 
when  we  see  the  hypoeotyl  of  a  seerlling,  which  contains 
chlorophyll,  bending  to  the  light ;  for  although  it  thus 
receives  less  light,  being  now  shaded  by  its  own  coty- 
ledons, it  places  them— the  more  important  organs — in 
the  best  position  to  be  fully  illuminated.  The  hypo- 
eotyl may  therefore  be  said  to  sacrifice  itself  for  the 
good  of  the  cotyledons,  or  ratlier  of  the  whole  plant. 
But  if  it  be  prevented  from  bending,  as  must  some- 
times occur  with  seedlings  springing  up  in  an  en- 
tangled mass  of  vegetation,  the  cotyledons  themselves 
l>end  80  as  to  face  the  light ;  the  one  farthest  off  rising 
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up,  and  that  nearest  to  the  light  sinking  down,  oi 
both  twistiug  laterally/  We  iniiy,  also,  suspect  Inat 
the  ext4-eme  seuaitiveuess  to  liglit  of  the  upper  part 
uf  the  sheath-Hke  cotyledons  of  the  Graminea;,  ami 
thoir  power  of  tmnsmittiug  its  effects  to  the  lower 
part,  are  specialised  arrangeiueuta  fur  finding  the 
shortest  path  to  the  light.  With  plants  growing  on 
a  hank,  or  thruuTi  pruatrato  by  the  wind,  tht*  manner 
in  which  the  leaves  uaove,  even  rotating  on  their  own 
axes,  so  that  their  upper  siu'faces  may  be  again  directed 
to  the  light,  is  a  striking  phenonienou.  Such  facts'] 
are  rendered  more  striking  when  we  remember  that] 
too  intense  a  Jight  injures  the  chlorophyll,  and  that 
the  leaflets  of  several  Legunuuosaj  when  thus  exposed 
bend  upwards  and  present  their  edges  to  the  sun,  thus 
escaping  injury.  On  the  other  hand,  tlie  leaflets  of 
Averrboa  and  Oxalis,  when  similarly  exposed,  bend 
downwards. 

It  wtLs  shown  in  the  last  chapter  that  helioti'opism 
is  a  modified  form  of  circmunutation  ;  and  as  every 
growing  part  of  every  plant  eircuianutatos  more  or  loss, 
we  can  understand  how  it  is  that  the  power  of  bending 
to  the  light  has  been  acquired  by  such  a  multitude 
uf  plants  tlu'oughout  the  vegetable  kingdom.  The 
tiianiiur  in  which  a  circumuutating  movement — that 
is,  one  consisting  of  a  succession  of  irregular  ellipses 
ur  loops— is  gradually  converted  into  a  rectilinear 
course  towards  the  light,  lias  been  already  explained. 
First,  we  have  a  succession  of  ellipses  with  their 
longer  axes  directed  towards  the  light,  each  of  which 
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is  dcscribod  nearer  and  nearer  to  its  source;  then  the 
loops  are  drai^Ti  out  into  a  strongly  pronounced  zigzag 
line,  with*  here  and  there  a  small  loop  still  fonned. 
At  the  same  time  that  the  movement  towards  the  light 
is  increased  in  extent  and  accelerated,  that  in  tho 
opposite  direction  is  lessened  and  retarded,  and  at  last 
stepped.  The  zigzag  movement  to  either  side  is 
likewise  gradually  lessened,  so  that  finally  the  course 
becomes  rectilinear.  Thus  under  the  stimulus  of  a 
fairly  bright  light  there  is  no  useless  expenditure  of 
force. 

As  with  plants  every  character  is  more  or  less 
variable,  there  seems  to  be  no  great  diiBciilty  m  be- 
lieving that  their  circumnutating  movements  may 
have  been  increased  or  modiiicd  In  any  beneficial 
manner  by  the  preservation  of  varying  individuals. 
The  inheritance  of  habitual  movements  is  a  necessary 
ctiiitingent  for  this  process  of  selection,  or  the  survival 
of  the  littest ;  and  we  have  seen  good  reason  to  believe 
that  habitual  movements  are  inherited  by  plants.  In 
the  case  of  twining  species  the  circumnutating  move- 
ments have  been  increased  in  amplitude  and  rendered 
more  circular;  the  stimulus  being  here  an  internal 
or  innate  one.  With  sleeping  plants  the  movements 
have  been  increased  in  amplitude  and  often  changed 
in  direction ;  and  here  the  stimulus  is  the  alternation 
of  light  and  darkness,  aided,  however,  by  inheritance. 
In  the  case  of  heliotropi3m,the  stimulus  is  the  nncqunl 
illumination  of  the  two  sides  of  the  plant,  and  lliia 
determines,  as  in  the  foregoing  cases,  the  modifica- 
tion of  the  circumniitating  movement  in  such  a  manner 
that  the  organ  bends  to  the  light.  A  plant  whi<:h 
has  been  rendered  helintropic  by  the  above  means, 
might  readily  lose  this  tendency,  judging  from  the 
cases  aheady  given,  iis  soon  as  it  became  useless  or 
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injurious.  A  species  which  has  ceased  to  be  helio- 
tropio  might  also  be  rendered  apheliotropic  by  tho 
preservation  of  the  individuals  which  tended  to  cir- 
cumnutate  (though  the  cause  of  this  and  most  other 
variations  is  unknown)  in  a  direction  more  or  leiss 
opposed  to  that  whence  the  light  proceeded.  In  like 
manner  a  plant  might  be  rendered  d  Laheliotropic 


ISoVirOD  ClRCUHNUTATION :  MOVEMKITFS  EXOITRD  »Y  GiIATITaTIOW. 

MtAHB  of  ob6orvali'>n--AiKigeotiDpi=m  —  Cjlisua— YerLcna — Beta — 
Groduiil  cnnvcrbion  of  tlio  tiiaveiuent  of  circumuutation  into  api>goo- 
trapi>*n  in  Rubiis,  Lilium.  Plmlaris,  Avenn.  and  BrarsicA — Apogeo- 
tropLsm  retarded  by  hcliotropiHm — Kflet-ttd  by  tlie  aid  of  juintii 
or  pulvini — Movements  of  ilowLT-pedunclea  of  Oxalis — Gencml 
remarks  nn  aipogt'otropiani — Geritrnpism— Moveraonta  of  raiiiclea  — 
Burying  of  secd-cAjMiilojj — \Jm  at  pri>ccHs — Xrifoliiim  8ubU.'rmiii;um 
— Araubia — Aiuphicarpaco — Dbigeotropkm^^ouclUhiou- 

Oun  object  in  the  present  chapter  is  to  show  that 
geotropism,  apogeotropism,  and  diageotropism  are  mo- 
dified forma  of  eirciuii nutation.  Extremely  fine  fila- 
ments of  gliiss,  bearing  two  minute  triangles  of  paper, 
were  fixed  to  the  summits  of  young  stems,  frequently 
to  the  hypocetyls  of  seedlings,  to  ilower-peduneles, 
radicles,  &c.,  and  the  movements  of  the  parts  were 
then  traced  in  the  manner  already  described  on 
vertical  and  horizontal  glass-platcs.  It  should  be 
remembered  that  as  the  stems  or  other  parts  become 
more  and  more  oblique  vrith  respect  to  the  glasses,  the 
figures  traced  on  them  necessarily  become  more  ant] 
more  magnified.  The  plants  were  protected  from  light, 
excepting  whilst  each  observation  was  being  made,  and 
then  the  light,  which  was  always  a  dim  one,  was 
allowed  to  enter  so  as  to  interfere  as  little  as  possible 
with  the  movement  in  progress ;  and  we  did  not  detect 
any  evirlence  of  such  interference. 

When  observing  the  gradations  between  Gircumnu* 
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tatioB  and  licliotropism,  we  had  the  great  advant.age  of 
being  ablo  to  lessen  tho  light ;  bnt  with  geotropism 
aualugons  experiments  were  of  course  impossible. 
We  could,  however,  observe  the  movements  of  stem** 
placed  at  first  only  a  little  from  the  perpendicular,  iu 
which  case  gootropism  did  not  act  with  nearly  so  much 
power,  as  when  the  stems  were  hurizontal  and  at  right 
angles  to  the  force.  Plants,  also,  were  selected  which 
wei*e  but  feebly  geotropio  or  apngootropic,  or  had 
become  so  from  having  grown  rather  old.  j^Vnother 
plan  was  to  place  the  stems  at  first  so  that  they  pointed 
30  or  40  degrees  beneath  the  horizon,  and  then  npo- 
geotropism  had  a  groat  amount  of  work  to  do  before 
the  stem  was  rendered  upright  ;  and  in  this  case 
ordinary  circninnntation  was  often  not  wholly  oblite- 
rated. Another  plan  was  to  observe  in  the  evening 
plants  which  during  the  day  had  become  greatlj 
curved  heliotropically  ;  for  their  stems  under  the  gra-' 
dually  waning  light  very  slowly  became  upright  through 
the  action  of  apogeotropism ;  and  in  this  case  modified 
cixcumnutation  was  sometimes  well  displayed, 

Apotjmtropism. — Plants  were  selecttid  for  oltservalion  almost  ^ 
by  cliaucBj  exceptinij:  that  they  were  taken  from  widely  different 
families.  If  tho  stem  of  a  plant  which  is  even  moderately 
Bonsitive  to  apogeotropiam  bo  placed  horizontally,  tlie  npper 
growing  part  lieiids  quickly  upwards,  so  as  to  become  perpf.-n- 
dienlar;  and  the  line  traced  by  joiuing  tho  dota  succe8si%-rly 
made  on  a  glasa-plate,  is  generally  almost  straight.  For  in- 
htmicG,  a  youiig  Cytinus  fr(.u}ntns,  12  iaclies  in  height,  was  placed 
Ro  that  the  stem  projected  Vf  beneath  the  horizon,  and  ifco 
cunrso  was  traced  dnrinK  7*2  h.  At  fir^it  it  Iwnt  a  very  littlo 
downw-ards  (Fig.  182),  owing  no  doiibb  to  the  weight  of  tho 
Btem,  OS  tliis  occurrod  "wUh  most  of  the  other  plants  obeervi^, 
though,  as  they  uero  of  coui-so  circumnutating,  tho  short  down- 
ward lines  were  often  oWiquo.  After  throe  4piartcre  of  an  hour 
the  stem  "began  to  curve  upwards,  quickly  during  the  first  two 
boors,  but  much  more  slowly  during  tho  afternoon  and  night. 


I 
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knd  on  tlio  following  rlny.     During  the  eocoud  nigbt  it  full 
little,    and     circnmnntatcd 

during  tbc  following  day ;  but  it  ^^* 

also  moTod  a  aliurt  di^tnnre  io 
^m  tiie  right,  which  was  caused  by 
^Bb  little  light    linving  Viogd  no- 

cideutally  admitted  on  this  side. 

The   stem    was    now    inclined 

til)'  above  the  horiaon,  and  bad 

therefore  risen  TC.    "With  tinio 

allowed  it  wonid  probably  have 

become  upright,  nnd  no  doubt 

would  hare  continued  circuin- 

nutating.    The  solo  remarkable 

feature  in  the  figure  here  given 

18  the  sti-oightnesa  of  the  course 

pursued.    The   stem,  however, 

did  not  move   upwards  at  an 

equable  rate,  and  it  sometimeH 
tittood    almost    or     quite    still, 
ch  periods  probnV)ly  represent 

itiempts  to  circnmnutate  in  a 
tion   opposite    to    apogco- 

tropiam. 
The   herbaceous    Btem   of    a 

yo-bena  meiindrcs  (?)  laid  hori- 
^wxontally,  roso  in  7  h.  so  much 
^Miat    it    could    no    longer   lie 

obBenred  on  the  vertical  glass 

which  stood  iu  frtmt  of  the  plant. 

The  long  line  which  was  tracci 

was  almost  absolutely  straight. 

After  the  7  h.  it  still  continued  ' 

to  rise,  but  now  eircuinnutated  ^y''»'"A;.7«n^.; «I»BeDtr'M'icn.ofii. 

BbghUy,    On  the  following  day     60°  above  horizon,  twcwi  ..n  ver 

it  stood  u))right,  and  oircum- 

Dutated  re^ailorly,  as  mhoirn  in 

Fig.  82,    given   in    the  fonrtb 

chapter.    The  stems  of  several 

other  p1aut«  wliicb  were  highly 

Benaitive  to  apopeotrtii-isin  rosu 

np  in  almost  stmight  lines,  and 


tical  glass,  Croin  8..'J0  A.M.  Mtin-f 
I'Jth  to  10.30  I'M.  IHlh.  Th«»ul/- 
uquvnt  drciimniittltng  morenifiiit 
ift  Hkrwise  shown  np  to  6.4.S  A.M. 
on  the  IMh.  N"Clumal  coutve 
represviitv'l,  wt  umi;iI,  by  a  broken 
liDtf.  Wnvi*Tnenti7iit  greatly  mnE- 
iiitiwJ.and  trncing  riNliiccd  to  iwr^ 
ihitxU  ut  orij;itiai  scale. 
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tiien  Buddenly  began  to  circumnutat©.    A  partially  etiolated 


Fig.  183.    ^^sS'^M, 


js:3fi 


7ytJH.29H' 


5f(fi  ■wiZ/nm:  apng*Mropic  inovement 
ofhypocotylfifoml9°  beoeatli  horiron 
to  a  vortical  prtBitiro.  with  subsequent 
circamuiit»tinD»  traced  on  a  yerticnl 
and  on  a  horisontnl  glaw-pbite,  fryiu 
«.2«  A.M.  S.-pt.28Mit«  8.40  A.M.  29'tb. 
FiKure  rednted  t^njoe-thiniof  ohgiuai 


and  somewhat  old  hypocotyl 
of  a  Bcedling  cabbage  (21 
inches  in  height)  was  bi> 
eensitivo  that  when  placed 
at  an  angle  of  only  23^  from 
the  perpendicular,  it  Iwcame 
vflTtical  in  83  minutes.  Ar 
it  coTiId  not  h.ivo  been 
strongly  acted  upon  by 
ripogeotropism  in  the  above 
slightly  inclined  position, 
we  expected  that  it  would 
liATo  cijcumnntatod,  or  at 
least  havo  moTed  in  a  zig- 
zag conrbo.  Accordingly, 
<iats  wcro  miido  OTcry  3 
minutes;  but,  when  these 
were  joined,  the  line  was 
nearly  Eitraight  After  this 
liypocotyl  had  liepome  up- 
right it  still  moved  onwanls 
for  half  an  hour  in  the  same 
general  direction,  but  in  a 
Tiigzag  manner.  Duiiug  the 
Buccoeding  i)  h.  it  oircum- 
nutated  regularly,  and  de- 
ecriljod  3  large  ellipeefl.  In 
this  case  apogeotropisjii, 
although  acting  at  a  very 
unfavouraltle  angle,  quifo 
overcame  the  ordinary  cJr' 
cnmnntflting  movement 

The  hypocotylfl  of  /iftri' 
vidffaris  are  highly  sensitivo 
to  apogeotropism.  Ono  waa 
placed  80  afi  to  project  IIP 
beneath  the  horizon;  it  fcH 
at  iiret  a  very  little  (see 
Fig.  183),  no  doubt  owing 
to  ite  weight ;  but  as  it  wafc 
circnmnutating  the  lino  was 
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oblique  During  the  next  3  h.  8  m.  it  roso  in  a  nearly  straighl 
line,  pflfising  through  an  angle  of  100°,  and  then  (at  12.3  p.m.) 
Btood  upright  It  continued  for  55  m.  to  move  in  the  saine 
general  direction  beyond  tliu  [jurpendiculfir,  but  in  a  zigzng 
course.  It  returned  also  in  a  zigzag  lino,  aiul  then  drcumnu- 
tated  regularly,  deBcribing  threo  largo  ellifiHcs  diu'ing  tho 
remflintlerof  the  day.  It  should  be  obeeiTcd  tliitt  the  ellipHra 
in  this  figure  ar<»  exaggenited  iu  Bize,  relatively  to  tho  length  of 
the  upward  Htraight  line,  owing  to  tho  poaition  of  the  verticjil 
and  horizontal  gla5s-platcs.  Another  and  soumwliat  old  bypo- 
eotyl  waa  placed  so  as  to  strtnd  at  ouly  81°  from  the  perpoji- 
dicular,  in  which  position  apogeotropiHm  acted  on  it  with  littlti 
fort'o.  ond  its  course  accordingly  T.vas  slightly  zigzag. 

The  B)ieath-like  cotyledons  of  i'Utlirii  Canarienfift  are  ex- 
tromcily  seni^itivo  to  apogeotropisni.  Oco  waa  placed  so  as  to 
project  40*^  Iwncalh  the  horizon.  Although  it  was  rather  old 
and  i  "3  inch  iu  heif^'ht,  it  became  vertical  in  4  h.  30  m.,  having 
d  tlirough  anaoglcof  130°in  a  nearly  straight  line.  It  then 
denly  U'gan  to  cii-cunmutato  in  tho  ordinary  manner.  Tho 
cotyledons  of  this  plant,  after  tho  fii-st  leaf  has  l>egun  to  pro- 
trude, ore  but  slightly  apogeotropic,  though  they  Btill  continue 
to  circumnutato.  One  at  tins  stage  of  development  was  placed 
horizontally,  and  did  not  hocorae  upright  even  after  13  h.,  and  its 
course  was  slightly  zii^zag.  So,  again,  a  rather  old  bypocotyl 
of  (.'assia  toi-a  (If  inch  in  height)  required  28  h.  to  liecoinc  ui>- 
right,  audits  course  was  distinctly  zigzag;  whilst  younger  hypo- 
cotylH  moved  much  more  quii:kty  and  in  a  nearly  strai^jht  line. 

When  a  horizontally  placed  stem  or  other  organ  riKes  in  a 
zigzag  lino,  we  way  infer  from  the  many  cof^es  given  in  our 
previous  chttptcrs.  that  wc  havo  a  modified  form  of  circuinnu- 
tation ;  but  when  the  course  is  straight,  tboixj  is  no  cvidenco 
of  circuninntation,  and  any  one  might  maintain  that  this  latter 
movement  had  been  i-eplacoil  by  one  of  a  wholly  distinct  Icind. 
This  view  seems  the  more  probable  when  (a«  sometimeR 
occurred  with  the  hypocotyls  of  lirassica  and  Beta,  the  Kt«ms  of 
Oucurbita,  and  tho  cotyledons  of  Phalaris)  the  part  in  question 
after  bending  up  in  a  straight  course,  suddenly  begins  to  circum- 
nutato to  the  full  extent  and  in  tho  usual  manner.  A  fairly 
good  instance  of  a  sudden  change  of  this  kind — tliat  is,  fmm  a 
nearly  straight  upward  moveruBut  to  ono  of  circuninuaition — 
is  shown  in  Fig.  1!S3;  but  more  striking  instances  were  ooca- 
tioniilly  obecrveil  with  Beta,  BrnssicR,  and  Phnlaris. 

We   will   now  dcscnbo   a   fow  casus  iu  which  it   may  be 
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seen  how  graduMly  circumuutalion  1)ecome»  changed  into  apogoo- 
tropisiQ,  luider  ciTcumstanoes  to  bo  speolfidtl 
in  oach  instance. 

liubus  idccm  (hybrid).— A  young  plant,  H 
inches  in  height,  growing  in  a  jx>t,  was  placwl 
honzotitally;  anil  the  upward  movcinctit  was 
tracod  duriuR  nearly  70  h. ;  hut  the  plant, 
though  growiuj^  vigorously,  was  not  highly 
Fonsitivo  to  aijogootropmai,  or  it  was  not 
Cftpiible  of  quick  movement,  fnr  during  the 
above  ttiiio  it  mso  only  07*.  Wo  iii»y  bco  in 
thf)  diiigratn  (Fig.  184)  that  during  the  first 
day  of  12  h.  it  rose  in  ii  ne;irly  stmight  line. 
Wlieu  plarcd  liorizontully,  it  was  evidently 
circnmuutating,  for  it  i-ose  at  i^rst  a  little, 
n*)twithstnridiug  the  weight  of  the  utoni,  and 
then  sank  down ;  so  that  it  did  not  fttart  on 
its  permnneully  upward  courso  until  1  li. 
25  m.  had  chipsed.  On  tho  second  day,  by 
which  time  it  had.  risen  eonsidorahly,  ami 
when  apogeotropism  acted  on  it  with  Bomcwhat 
less  power,it8  coui-seduring  loi  h.  was  clearly 
zigzag,  and  tlie  rate  nf  the  upwunl  movement 
was  not  equable.  During  the  third  dny,  also 
of  151  h.,  when  a^mgeotropism  acted  on  it 
with  still  1«;r  power,  the  stem  plainly  circnm- 
nutate<l,  for  it  moved  during  this  day  8  tiniefi 
up  and  3  times  down,  4  timet}  to  the  left  and 
4  to  I  he  right.  liut  tho  course  was  so  complex 
that  it  could  hai-dly  lie  traced  on  tho  glass. 
We  can,  however,  see  that  the  Buccessivoly 
formed  irregular  ellipees  ro.*^  higher  and 
liigher.  Aiwgeotropiam  continued  to  act  ou 
the  fourth  uiorniug,  as  t^e  stem  wae  still 
riEiiug,  though  it  now  stood  only  23*  from  the 
perpuudicular.  In  this  diagram  the  seveml 
stages  may  be  followed  by  which  an  almost 
rectilinear,  upward,  apogeotropic  course  first 
becomes  zigzag,  and  then  changes  into 
circum nutating  movi'meut.  with  most  of  the 
miccosBivoiy  formed,  irregular  ellipsefi  directed 
upwjirdH. 
I^iitm  auratum. — A  plant  23  incbos  iu  height  was  placed 
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horizontally,  aud  tho  upper  part  of  the  stom  rofio  58°  in  10  U., 
in  the  manner  shown  in  the  accom- 
panying diugmni  (Fig.  185).  We  here 
see  that  duric^  tho  whole  of  the 
second  day  of  15;  h.,  the  stem  plainly 
circiimn  Qtatod  whilst  bendniRUpvvurds 
tliroitgh  aiwircoti'opism.  It  had  still 
to  rise  cousidenibly,  for  wlicn  tho  last 
di»t  in  tho  (ignro  was  made,  it  stood 
32°  iJrom  an  upright  posttinn. 

Phalaris  Cuiiurietuut, — A  cotyledon 
of  this  plant  (1*3  inch  in  Ueif^ht)  has 
already  been  described  as  rising  in 
4  h.  30  m.  from  'iO°  l»croath  the  hori- 
zon into  a  Tcitica!  ]io3ition,  passing 
throiitjh  ail  angle  of  130'  in  a  nearly 
straight  line,  aud  then  abruptly  be- 
ginning to  circumnutatfl.  Another 
fiomewhat  old  cotyledon  oF  tho  eamo 
height  (but  from  which  a  true  loaf 
had  not  yet  protnuJeci),  was  similarly 
placed  at  40"  beneath  tlio  horizon.  For 
the  first 4  h.  itrofic  in  a  nearly  straight 
course  (Fig.  186),  bo  that  by  l.IO  p.m. 
it  was  highly  inclined,  aud  now  apo- 
geotrapJKtn  ui-tod  on  it  with  much  loss 
power  than  before,  and  it  began  to 
zigzag.  At  4.15  r.M.  (i.e.  in  7  h.  from 
tho  commencement)  it  stood  vertically, 
and  after\v;ii"ds  contiiined  to  circum- 
nutjite  in  tho  usual  manner  about  tho 
Boine  spot.  Here  then  we  have  a 
KradiuLt<.'d  cliangu  from  a  straight  up- 
ward apogeotropic  courao  into  circnm-  LUium 
nutation,  instead  of  an  abrupt  chatige, 
as  in  tiiu  former  cai^u. 

Avci,a  8a,tiija. — The  sheath-like  cnty- 
leJons,  wlulst  youngf  are  strongly  apo- 
guotropic;  and  some  which  were  placed 
at  45*  Iwneath  tho  horiKon  rose  90°  in 
7  or  8  h.  iu  lines  almntrt  abeolutoly 
Bti^ight.    An  oldish  cotyledon, from  which  the  first  leaf  began  to 


uvrat'im :  sjktgo 
trofjic  moremcnt  of  stpio. 
tnice.l  OD  ft  vertical  j-tan 
diiHng  2  days  anil  2 
iiiKhU,  from  'lit.40  AM. 
Miircli  18lh  to  8  A.U. 
2f"ith.  Ftgiiro  reduced  to 
ODL'-hnlf  of  the  origiaftl 
scale. 


protrude  wliilst  the  fol- 
lowing observations  wereJ 
being  made,  was  placed 
at  10°  lioniaththeliorizoii, 
and  it  rose  only  59°  in 
24  h.  It  behaved  rather 
diflforently  froM  any  otlier 
plantj  obsei-ved  by  ub.  for 
duriiii;  the  first  4A  li.  it 
rose  in  n  lino  not  far  from 
fitmiglit ;  during  the  uext 
C4  h.  it  circumuutated, 
tliat  is,  it  descended  and 
again  aBccnded  in  a 
BlTongly  miirked  zigzag 
ouurtic;  it  then  resumed 
its  upward  movement  in 
a  moderately  straight  line, 
and,  with  time  allowed, 
no  doubt  would  hare  be- 
come upright  In  this 
case  afrcr  the  first  4J  b., 
orrlinary  eircnmnutation 
almost  completely  con- 
quered for  a  time  apogeo- 
tropi!*ra. 

lirassica  oteracea. — Thfl 
hypocotyla  of  eeveral 
young  seedlings  placed 
lorizon tally,  rose  np  vcr^ 
tically  in  tlie  course  of  6 
or  7  h.  iu  nearly  straight 
lines.  A  feedling  whicli 
had  grown  in  darkness  to 
alieightof2i  inches,  and 
was  therefore  rather  old 
and  not  highly  sensitive, 
flV'^'"-!.  \  was    placed  so  that  the 

ekahn»Cmar%e,t!i$j  ipoguotropio  inm-p.  liypocoty I  projected  at  bo- 
ment  of  cotylerlr.n,  traced  an  n  Tf  nicnl  twecn  30°  and  40'' beneath 
And  horizontal  ginss  from  9.  iO  A.M.  Scjit.  tho  horizon.  The  uppof 
l&th  to  9  AM.  20tli,     Fiynio   liiire  ro-  ^    ,         i  j 

dDc'Cil  to  oac-nflh  of  original  ,aih.  V^^^  '^^""O  Iwcomc  cunred 
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npTvards,  and  rose  daring  the  first  3  h.  10  m.  iu  a  nearly  straight 
line  (Fig.  1H7);  but  it  was  not 
posaihle  to  trace  the  upward  uiove- 
ineut  on  the  vertical  glass  for  the 
first  1  h.  10  DL,  so  that  the  nearly 
straight  lino  in  tho  diagram  onght 
to  have  been  much  longer.  During 
the  nest  11  h.  thehytKxwlyl  circum- 
jiutated.describingirregularfigiirea, 
each  of  which  rose  a  Uttlo  above 
the  one  previously  formed.  During 
the  night  and  following  early  morn- 
ing it  continued  to  rise  in  a  zigzag; 
course,  bo  that  apogeotropiam  was 
still  acting.  At  the  close  of  our  ob- 
8ei*vatiou8,  after  23  h.  (repres«3ntod 
by  the  highest  dot  in  the  diagram) 
the  hypocotyl  was  still  32°  from 
the  perpendicular.  There  can  be 
little  doubt  that  it  would  ulti- 
mately have  l>ecomQ  upriglit  by 
describing  an  additional  uum'>er 
of  irregular  ellipses,  one  above  the 
'other, 

Apoijiotiophm  retarded  hy  ffelto- 
tropism.  —  \V]ien  tho  stem  of  any 
plant  bonds  during  the  day  townnla 
ft  lateral  bght,  the  movement  is 
opposed  by  apogcotropisni ;  but  as 
the  light  gradually  wanes  iu  tho 
evening  the  latter  power  slowly 
gains  tho  upper  hand,  and  draws  Srassioa  otoraoea:  apogentroplo 
the  stem  back  into  a  vertical  movement  c.rhTpoeotrI,«n,ml 
position.  Here  then  we  have  a 
pood  opportunity  for  observing  how 
apogeotropism  acts  when  very 
nearly  balanced  by  an  opposing 
force.  For  iustanco,  the  plumuto 
nf  TropKoium  majus  (see  former 
Fig.  175)  moved  towards  the  dim 
evening  light  in  a  slightly  zigzag 
line   until   6.45  f.h.,  it  then    ruturned  on    its    course    nntil 


I 


CD  verticBl  i;)iiu,  frntn  9.2U 
A.M.  Se]>t.  12th  to  8.;tO  AM. 
I'Mh.  The  iip|»er  piirt  nf  llie 
figure  Is  more  mn^itilie>!  thim 
the  lower  part.  If  the  wholp 
O'lirsB  ha'l  b«en  trncoHJ,  the 
oU-iii;;ht  U|iright  lin«  woul'l 
tinvolicetiniuch  longer.  Fitture 
hi;rG  re'liiccil  to  (inu-third  of 
the  original  Ktle, 
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10.40  P.M.,  during  which  lime  it  zigzagged  and  deacribcd  an 
ellipso  of  cousideraMe  size.  The  hypocotyl  of  Jirussica  olcmcea. 
(see  foi-mer  Fig.  173)  moved  in  a  atraight  line  to  the  light  until 
jj.15  P.M.,  and  then  £i'om  the  tight,  making  iu  ila  backward 
crtiii'so  a  ^moX  rectiiugulnr  l«iid,  nud  tlicn  retiiraed  for  a  short 
clistanco  towards  the  former  source  of  the  h'ght;  no  ol)serva- 
tious  were  inudo  »ft*-r  7.10  km.,  but  during  the  night  it  re- 
ciiTL^rcd  its  vtrtical  position.  A  hyj.(Oi*ot>I  of  Camnn  U'va  moved 
in  the  evening  in  a  somewhat  zigzag  line  towards  the  failiaa 
light  until  ()  p.ai.,  and  was  now  bowed  20°  from,  the  perpendi- 
cular; it  then  returned  on  its  course,  making  before  10.30  r.M. 
four  great,  nearly  rcutangiilar  bcndFi  and  almost  completing  an 
elliiifie.  Several  otlier  analogous  cases  were  casually  observed, 
nnd  in  all  of  them  thi>.  niK^eotmpic  movement  could  be  seen  to 
conbist  of  modified  circumuutation. 

Apugeoirfip'c  Aluveinetits  tjftcUid  by  the  aid  vf  joints  or  pulvini. 
— Movements  of  tliis  kind  are  well  known  to  occur  in  the 
Grnmincs,  and  are  effected  by  means  of  the  thickened  baees 
of  their  sheathing  leaves;  the  stem  within  being  in  tliis  part 
tliiuner  thftn  elfcewhcre.*  According  to  the  analogy  of  all  other 
pulvini,  such  joints  ought  to  contjiiuo  circumnutating  for  a 
long  period,  after  tho  adjoining  parts  have  ceased  to  grow.  We 
Iherefoj-Q  wished  to  ascertain  ivhethor  this  was  tho  case  with 
■  the  GrainineflE;  for  if  so,  the  upward  curvature  of  their  stems, 
when  extended  horizontally  or  laid  prostmte,  would  be  explained 
in  accordance  with  our  view — rtamcly,  that  npogcotropism 
results  from  modified  circumnutation.  After  thcco  joints  have 
curved  upwards,  they  arc  fixtid  in  their  now  position  bv  increased 
growth  along  theic  lower  sides. 

} Allium  pi-rnhw. — A  young  stem,  7  inches  in  height,  consist- 
ing of  3  internodes,  with  the  llower-hcad  not  yet  protruded* 
was  selected  for  observation.  A  long  and  very  tliiii  glofs  tila- 
ment  was  cemented  horizontally  to  the  stem  close  alxive  the 
second  joint,  3  inches  above  the  ground.  This  joint  ivas  subse- 
quently proved  to  be  iu  an  active  condition,  as  its  lower  side 
Bwelled  muck  ihrotigU  the  action  of  apogeotropism  (in  the 
manner  described  by  De  Tries)  after  tlie  baului  had  been 
fastened  down  for  £4  h.  in  a  hoii^oatal  position.    The  f>ot  was 


•  TI'Ib  fitiucturo  hns  bei  n  re- 
cently licHoibfd  by  iJe  Vries  in 
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oo  placed  that  the  end  or  the  filament  stood  beneath  tho  2-inch 
o^'ject  glass  of  a  microscope  with  an  eye-piece  micromotcr,  each 
division  of  which  equalled  ^^  of  an  inch.  The  end  of  the  fila- 
ment was  repeatedly  obaervod  during  G  h.,  and  was  BOen  to  ho 
in  constant  movement;  and  it  crossed  5  divisions  of  the  micro- 
luoter  (y^  inch)  in  2  h.  Occasionally  it  moved  forwaixls  by 
jerks,  some  of  which  were  ^As  '^^^h  in  lengtlj,  and  then  slowly 
retreated  a  little,  afterwards  again  jerking  forwards.  Tlit;«o 
oscillations  were  exactly  like  t)iose  described  under  Brasaiea. 
and  Dioniea,  bnt  tlicy  occurred  only  occasionally.  Vic  may 
therefore  conclude  that  Uus  moderately  old  joint  was  continually 
circum nutating  on  a  small  scale. 

Alopecurus  pratensis.—Ayonnp:  plant,  11  inches  in  height,  with 
the  flower-head  protruded,  hut  with  the  Horeta  not  yet  expanded, 
liad  a  ghiss  filament  fixed  cloeo  aliovo  the  second  joint,  at  a 
height  of  only  2  inches  above  the  ground.  The  basal  inturnode. 
2  inches  in  length,  was  cemented  to  a  stick  to  prevent  any 
possibility  of  ita  circumnutating.  The  cxtreuiity  of  llie  Glauient, 
which  projeclfefl  alwut  50'  alx>ve  the  horizon,  was  often  observed 
during  24  h.  in  Ihe  mmo  manner  as  in  the  last  case.  \Vhenever 
looked  at,  it  was  always  in  movement,  and  it  crossed  SOdivisions 
of  the  niieromeior  {^  inch)  in  3l  h.;  but  it  sometitoa?  Hiovcd 
at  a  quicker  rate,  for  at  one  time  it  cro^^ed  5  divisions  in  Xi  li. 
'file  jKit  luul  to  lie  nioviKl  octvt.sionanyjji.s  tho  cud  of  the  filament 
travelled  beyond  the  field  of  vision;  but  as  &ir  as  we  could 
judge  it  fo'lowed  during  the  daytJme  a  semicircular  course ; 
and  it  certainly  travelled  in  two  different  directions  at  right 
angles  to  one  another.  It  Boiuetimes  uHciUated  in  the  stuno 
manner  as  in  the  last  species,  some  uf  the  jerks  forwanls  being 
as  much  as  yJ^  of  an  inch.  Wu  may  tborefore  conclude  that 
tlie  joints  in  this  and  the  last  specicR  of  grass  long  cunf  iiiue  to 
circuranutate ;  bo  iliat  this  movement  would  ho  ready  to  be 
ci>nverted  into  an  upogcotropic  movoment,  whenever  the  stem 
was  placed  in  an  inclined  or  horizontal  position. 

Movements  of  the  FhwiT-pedundcn  of  Oxaiis  carnoBa^  due  tu 
mpugtotrtfpUm  and  other  forces, — The  movements  of  the  main 
IM^dnncIo,  and  of  the  three  or  four  suh-pi'duncles  which  each 
maic  peduncle  of  this  plant  btars,  are  extremely  complex,  and 
are  determined  by  several  distinct  causes.  Whilst  the  don  en 
are  expanded,  both  kinds  of  peduncles  circiinuiutate  about  the 
pairc  siMjt,  as  we  have  seen  (Fig  91)  in  the  fourth  chapter. 
but  eoon  after  tlio  flowers   liuvc   liegnu    to  wither  the  sub* 
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pedoQcIes  bend  downwnrds,  nnd  this  i»  One  to  opinastf;  for 
on  two  occasions  vfhen  pots  were  laid  horizontally,  the  Bub- 
peduncles  assumed  the  same  position  relatively  to  the  luaiu 
peduncle,  as  would  have  l*oeu  the  case  if  they  had  Tcmninod 
upright;  that  is,  each  of  thera  formed  with  it  an  anglo  of 
nbout  40°.  If  they  Imd  been  acted  on  by  geotropifira  or  aphelio- 
tropism  (for  the  plant  was  illuminated  from  above),  they  would 
liavfl  directed  themselves  to  tht;  centre  of  the  eartli.  A  main 
peduncle  whs  ficcurod  to  a  tstick  in  an  upright  position,  and  ono 
of  the  upright  snb-pecluneles  which  liud  been  observed  circunj- 
nutating  whilst  tho  tlowisv  wafi  expanded,  continued  to  do  so  for 
at  least  2-t  li.  after  it  had  withered.  It  then  began  to  hend 
downwards,  and  after  36  h.  pttiiited  a  little  beneath  tlie  Iiorizon, 
A  new  figiire  was  now  l>egnn  ( A.  Fig.  188),  and  tlie  suli-peduncla 
was  ti"aced  descending  in  a  zigzag  line  from  7.20  p.m.  on  the  19th 
to  9  A.M.  on  the  2'2nd.  It  now  pointed  almost  ]ierpendieu!flj*ly 
do^vnwarda,  and  the  glass  filament  had  to  be  removed  and 
fastened  transvci*sely  across  the  base  of  the  young  capsule. 
We  oipeeted  that  the  snb-peduncle  would  have  been  motionless 
in  its  new  position  j  but  it  continued  slowly  to  swinp,  like  a 
pendulum,  from  side  to  siile,  tliat  is,  in  a  piano  at  ripht  angles 
to  that  in  which  it  had  descended.  This  circuranntating  move- 
nient  was  observed  from  9  a.m.  on  22ud  to  9  a.m.  2itb,  as  shown 
at  B  in  tlfo  diagram.  We  were  not  able  to  obsei-ve  this  par- 
ticular sulnpetlunclo  any  longer;  but  it  would  certainly  have 
gone  on  circumnutating  until  the  lapaule  wiis  nearly  ripe  (which 
requires  only  a  short  time),  and  it  would  tbun  have  moved 
upwards. 

The  upward  movement  (C,  Fig.  188)  is  cffei-ted  in  jxirt  by  lUa 
whole  sub-peduncle  rising  in  the  same  manner  as  it  had  pre- 
viously deeoended  through  epinasty — namely,  at  the  joint  whci-e 
united  to  the  main  peduncle.  As  this  upward  movement 
occurred  with  plants  kept  in  the  dark  and  in  whatever  |>asitiou 
the  main  pedimcle  was  fa.'^tenedj,  it  could  not  have  been  caused 
by  Leliolropism  or  aiwgeotropism,  but  by  byponasty.  Besides 
this  movement  at  the  joint,  there  is  another  ol  a  very  different 
kind,  for  the  sub-peduncle  becomes  upwardly  bent  in  thomiddl* 
part.  If  the  sub-peduncle  happens  at  the  time  to  I>e  inclined 
much  downwards,  the  upward  curvature  ia  so  groat  that  the 
whole  forms  a  hook.  The  up{>er  end  bearing  tiie  capsule,  thuti 
always  places  itself  upright,  and  ns  this  i  ccurs  in  darkness,  ojid 
in  whatever  position  the  main  peduncle  may  have  been  60cnred, 
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the  upward  cniratare  cannot  be  dae  to  heliotropiam  or  hypo- 
nasty,  bat  to  apogeotropisnL 

Fig.  188. 


OxatSt  camosa  •  moTemeots  of  flower-pedaacle,  traced  on  a  rertical  glut 
X,  «^nastic  downward  movement;  B,  circnmnutAtion  whilst  depeD(l> 
isf;  vertically  ;  C,  subsequent  upward  movement,  due  to  apogeotropism 
and  livponastT  combioed 
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In  oriior  to  trace  this  upward  movotnenl;,  a  filament  was  fixed 
to  a  Hub-pcdnncle  beiring  a  cjipsnle  nearly  ripe,  which  waa 
begiumiig  to  bend  upwards  by  the  two  meanis  just  <lescril)of1.  Ila 
course  was  traced  (see  0,  Fig.  188)  during  53  b.,  by  wliich  time 
it  had  become  nearly  upright.  The  course  is  seen  to  be  stroui^Iy 
zigzag,  together  with  Bonio  lilt-Ie  loops.  We  muy  therefore  citn- 
elude  that  thts  movement  consists  of  modified  circumuutatiou. 

The  several  speeiee  of  Oxalis  probably  protit  in  the  following 
manner  by  tliolr  euI)-peduncU'S  first  iKsnding  downwards  and 
thou  upwai'ds.  They  are  known  to  ecatter  tlieir  aeed^  by  the 
bursting  of  the  capsule;  tiie  walls  of  wliieh  are  so  extremely 
thin,  like  siWcr  paper,  tlmt  they  would  easily  be  permeated  by 
roiu.  But  as  soon  as  the  petals  wither,  the  RepalR  rii«  np  and 
enclose  tlie  young  capsule,  forming  a  perfect  i-oof  over  it  as 
Boon  as  tlio  Bub-jjedunele  has  bent  itself  downwards.  By  ita 
subsequent  upward  movement,  the  capKulo  etanrls  wlien  ripo 
at  a  greater  height  above  the  ground  by  t^vice  the  length  of  the 
Buh-pednncle,  tlion  it  did  when  dependent,  and  is  thus  able 
to  scatter  its  seeds  to  a  greater  di.stanc«.  The  sepals,  which 
enclose  the  ovariuui  whLlst  it  is  yoiujg,  prestut  an  additional 
adaptation  by  expanding  widely  when  the  seeds  are  ripe,  so  as 
not  to  interfere  with  their  dispersal.  In  the  ease  of  OJoiOi 
wetoselia,  tlio  capenles  ai*o  said  sometimes  to  l>ury  themselves 
under  loose  leaves  or  moss  on  the  ground,  but  this  CAonot  occur 
with  those  of  O.  caruusn,  aa  the  woody  stem  is  too  higli. 

Oxiilis  uceU  sella. — The  peduncles  are  furnished  with  a  joint  iu 
Fig.- 1 8  J. 


OMa'ia  netftoselJa ;  rflorte  piiTitucd  hy  the  np[i«r  part  ofa  pednnc1(>,  wltlKl 
nniiig,  traced  froni  1 1  a.m.  .Iiine  Int  to  D  a.u.  3rd.  Figore  hcra  r-* 
daced  to  ODc-hnlf  of  the  original  sc-ale, 

the  middle,  so  that  the  lower  part  answers  to  the  main  |)eduncle. 
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nnd  tho  tipjior  pnrt  to  otio  of  the  suh-pediinclos  of  0.  cnno&a. 
The  iipj>er  part  bends  downwards,  after  the  flower  has  hogim 
to  wither,  and  the  whole  peduncle  ihcn  forms  a  hook;  that 
this  bending  is  doe  to  epinasty  we  may  infer  from  the  case  of 
O.  earnorui.  When  tho  pod  is  nearly  ripe,  the  upper  part 
straightens  itself  and  becomps  erect ;  and  this  is  duo  to  hypo- 
TKtsty  or  apogeotropism,  or  both  combined,  and  not  to  helio- 
tropiam,  for  it  occurred  in  darknes*.  The  short,  hooked  part  of 
tho  podnnde  of  a  oleistopamic  flower,  heariu);  n  pod  nearly  ripe, 
wns  obficrvcd  in  the  dark  during  three  daya.  Tho  apex  of  the 
pod  at  first  pointed  perpendicularly  down,  but  in  the  course  of 
three  days  rose  90*',  so  tliat  it  now  projected  horizontally.  The 
course  during  the  two  latter  days  is  shown  in  Fig.  189;  and 
it  may  lie  seen  how  greatly  the  potluucle,  whilst  risint;,  circiim- 
nutaled.  The  Hues  of  chief  raovemeat  were  iit  right  angles 
to  tho  piano  of  tho  originally  hooked  pnrt.  The  tracing  was 
not  conlhuHHl  any  longer  j  but  aftor  two  additional  days,  tho 
podiinclo  with  its  capeule  had,  become  straight  and  stood 
upright. 

Concludinfji  liamarhs  on  Apoffeotropism, — When  apo- 
geotropisra  is  rendered  by  any  means  fii^Lle,  it  acts, 
as  shown  in  the  several  foregoin<;  eases,  by  inereasing 
the  ftl ways  present  cireiminutating  movement  in  a 
direction  oj>pose(l  to  gravity,  and  by  dimiuishlug  that 
in  the  direction  of  gnivity,  as  well  as  tiiat  to  either 
side.  The  upward  movement  thus  becomes  unequal 
in  rate,  and  is  sometimes  interrupted  by  stationary 
periods.  Whenever  irregular  ellipses  or  loops  are  still 
formed,  their  longer  axes  are  almost  always  direeted 
in  the  line  of  gravity,  in  aa  analogous  luanjier  as 
occurred  with  heliotropic  movements  in  reference  to 
the  light.  As  apogeotropism  acts  more  and  more 
energetically,  ellipses  or  loops  cease  to  be  ibrmed,  and 
the  course  becomes  at  first  strongly,  and  tben  less  and 
less  zigzag,  and  finally  rectilinear.  From  thip  grada- 
tion in  the  nature  of  the  movement,  and  more  e^-pcL-ially 
from  nil  growing  parts,  which  alone  (except  when  pul- 
vini  are  present)  are  acterl  on  l^y  apngcotropism,  con- 
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tinnally  circunmibiting,  we  may  conclude  that  evoii 
a  rectilinear  course  is  merely  on  extremely  modified 
form  of  circuranutation.  It  is  remarkable  tliat  a  stern- 
er other  organ  which  is  highly  sensitive  to  apogeo- 
tropism,  anil  which  has  bowed  itself  rapidly  upwaida 
in  a  straight  line,  in  often  carried  beyond  the  vertical, 
as  if  by  momentum.  It  then  bends  a  little  backwards 
to  a  point  ronnd  which  it  finally  circum nutates.  Two 
instances  of  this  were  observed  with  the  hypocotyls  of 
Beta  vulgaris^  one  of  which  is  shown  in  Fig.  183,  and 
two  other  instances  with  the  hypocotyls  of  Brassica. 
This  momentum-like  movement  probably  results  from 
the  accumulated  effects  of  apogeotropism.  For  the 
sake  of  observing  how  long  such  after-effects  lasted, 
a  pot  with  seedlings  of  Beta  was  laid  on  its  side  in  tlio 
dark,  and  the  hypocotyls  in  3  h.  15  m.  became  highly 
inclined.  The  pot,  still  in  the  dark,  was  then  placed 
upright,  and  the  movements  of  the  two  hypocotyls  were 
traced  ;  one  continued  to  bend  in  its  former  direction, 
now  in  opposition  to  apogeotropism,  for  about  87  m., 
perhaps  for  48  m. ;  but  after  (il  m.  it  moved  in  an 
opposite  direction.  The  other  hypocotyl  continued 
to  move  in  its  former  course,  after  being  placed 
npright,  for  at  least  37  m. 

Different  species  and  different  parts  of  the  same 
species  are  acted  on  by  apogeotropism  in  very  dif- 
ferent degrees.  Young  seedlings,  most  of  which  cir- 
cumnutate  quickly  and  largely,  bend  upwards  and 
become  vertical  in  mucli  less  time  than  do  any  older 
]hlauta  observed  by  us;  but  whether  this  is  due  to 
their  greater  sensitiveness  to  apogeotropism,  or  merely 
to  their  greater  flexibility  we  do  not  know.  A  hypo- 
cotyl of  Beta  traversed  an  angle  of  109"  in  3  h.  8  m., 
and  a  cotyledon  of  Phalaris  an  angle  of  ISO'*  in  4  h. 
3U  m.      Ou  the  other  hand,  the  stem  of  a  herbaceomi 
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Vorbena  rose  90''  ia  about  24  h. ;  that  of  Eubus  67^ 
in  70  h. ;  that  of  Cytisus  70°,  in  72  h. ;  that  of  a  young 
American  Ouk  only  37^  in  72  h.  The  stem  of  a 
young  Cifperus  alierni/oUits  rose  only  11°  in  96  h, ; 
the  bending  being  confined  to  near  its  baae.  Though 
the  sheath-like  cotyledons  of  Phalaris  are  so  extremely 
sensitive  to  apogeotropisni,  the  first,  true  leaves  which 
protrnde  from  them  exhibit-ed  only  a  trace  of  this 
action.  Tv.*o  fronds  of  a  fern,  Nephrodium  molle,  both 
of  them  yonn(^  and  one  with  the  tip  still  inwardly 
curled,  were  kept  in  a  horizontal  position  for  46  h., 
and  during  this  time  they  rose  so  little  that  it  was 
doubtful  whether  there  waa  any  true  apogeotropio 
movement. 

The  moat  curious  case  known  to  us  of  a  difference 
in  sensitiveness  to  gravitation,  and  consequently  of 
movement,  in  dififerent  parts  of  the  same  organ,  is  that 
ofiei-od  by  the  petioles  of  the  cotyledons  of  Ipomoea 
lepiophyUa.  The  brisul  part  for  a  short  length  where 
united  to  the  undevLdoped  bypocotyl  and  radicle  ia 
strongly  geotropic,  whilst  the  whole  upper  part  ia 
strongly  apogeotropio.  But  a  portion  near  the  blades 
of  the  cotyledons  is  after  a  time  acted  on  by  epinasty 
and  curves  downwai'ds,  for  the  sake  of  emerging  iu  the 
form  of  an  arch  from  the  ground ;  it  subsequently 
straightens  itself,  and  is  then  again  acted  on  by  apo- 
geotropism. 

A  branch  of  Cu<yiirbita  ovifera,  placed  horizontallVf 
moved  upwards  during  7  h.  in  a  straiglit  line,  until  it 
stood  at  40^  above  the  horizon ;  it  then  began  to  cir- 
cumnutate,  as  if  owing  to  its  trailing  nature  it  had  no 
tendency  to  rise  any  higher.  Another  upright  branch 
waa  secured  to  a  stick,  close  to  the  base  of  a  tendrilg 
and  the  pot  was  then  laid  horizontally  in  the  {^ark. 
In  this  position  the  tendril  circumnutated  and  made 
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several  lavge  ellipses  during  14  h.,  as  it  likewise  did 
on  the  folloniag  day;  but  during  this  whole  time  it 
was  not  in  the  least  affected  by  apogeotropisra.  On  the 
other  hand,  when  branches  of  another  Cueurbitaceoug 
plant,  Echinocytw  lohata,  were  fixed  in  the  dark  so  that 
the  tendrils  depended  beneath  the  horizon,  these  began 
immediately  to  bend  upwards,  and  whilst  thus  moving 
they  ceased  to  circumnutate  in  any  plain  manner; 
but  as  soon  as  they  hm\  become  horizontal  they  re- 
commenced to  revolve  conspicuously.*  The  tendrils 
of  Tassiflora  gracilis  are  likewise  apogeotropic.  Two 
branches  were  tied  donn  so  that  their  tendrils  pointed 
many  degrees  beneath  the  horizon.  One  was  observed 
for  8  h.,  during  which  time  it  i-ose,  describing  two 
circles,  one  above  the  other.  The  other  tendril  rose 
in  a  moderately  straight  line  during  the  first  4  h., 
making  however  one  small  loop  in  its  course ;  it  then 
stood  at  about  45"  above  the  horizon,  where  it  circum- 
nutated  duiing  the  remaining  8  h.  of  observation. 

A  part  or  organ  which  wtiilst  young  is  extremely 
sensitive  to  apogeotropism  ceases  to  be  so  as  it  grows 
old ;  and  it  is  remarkable^  as  showing  the  independence 
of  this  sensitiveness  and  of  the  circumnutatinu:  move- 
ment,  that  the  latter  sometimes  continues  for  a  time 
after  all  power  of  bending  from  the  centre  of  the  earth 
has  been  lost.  Thus  a  seedling  Orange  bearing  only 
3  young  leaves,  with  a  rather  stiff  stem,  did  not  curvo 
in  the  least  upwards  during  24  h.  whilst  extended 
horizontally ;  yet  it  circumnutated  all  the  time  ov<t 
a  small  space.  The  hypocotyl  of  a  young  seedling 
of  Cassia  tora,  similarly  placed,  be<'jime  vertical  in 
12  h. ;  that  of  an  older  seedling,  1^  inch  in  height. 
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*  Pot  dciails  see  *  The  UovemoDla  and  Habita  of  GUmliing  Plnntei 
1875,  p.  IBl. 
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became  so  in  28  h. ;  and  that  of  another  still  oldoi 
one,  1.^  inch  in  height,  remained  horizontal  d.iring 
two  days,  but  distinctly  circumnntated  during  this 
whole  time. 

When  the  cotyledons  of  Phalaris  or  Avena  are  laid 
horizontally,  the  uppermost  part  first  li<?nds  upwards, 
and  then  the  lower  part;  consequently,  alter  the  lower 
part  has  become  mu(di  curved  upwards,  tli9  upper  part 
is  compelled  to  curve  backwards  in  an  opposite  direc- 
tion, in  order  to  straighten  itself  and  to  stand  ver- 
tically ;  and  this  subsequent  straightening  })roce8S  is 
likewise  due  to  upogeotropism.  Tht*  upper  part  of 
8  young  cotyledons  of  Phalaris  were  made  rigid  by 
being  cemented  to  thin  glass  rods,  so  that  this  part 
could  not  l>end  in  the  least;  nevertheless,  the  basal 
part  was  not  prevented  from  curving  upward.  A  sti-m 
or  other  organ  which  bends  upwartls  througli  apoge4)- 
tropism  exerts  considerable  force ;  its  own  weight, 
which  has  of  course  to  be  lilted,  was  sullicient  in 
almost  every  instance  to  cause  the  part  at  first  to  bend 
a  little  downwards ;  but  the  downward  course  was 
often  rendered  oblique  by  the  simultaneous  circum- 
nutating  movement  The  cotyledons  of  Avena  placed 
horizontally,  besides  lifting  their  own  weight,  were 
able  to  fuiTow  the  soft  sand  above  them,  so  as  to  leave 
little  crescentic  open  spaces  on  the  lower  sides  of  their 
bases ;  and  this  is  a  remarkable  proof  of  the  force 
exerted. 

As  the  tips  of  the  cotyledons  of  Phalaris  and  Avena 
bend  upwards  through  the  action  of  apugetttropism 
before  the  basal  part,  and  as  these  same  tips  when 
excited  by  a  lateral  light  transmit  some  influence  to 
the  lower  part,  causing  it  to  bend,  we  thought  that 
the  same  rule  might  hohl  good  with  apogeotropism. 
Coufiequcntly,  the  tips  of  7  cotyledons  of  Phahiris  were 


5!2 


MODIFIED  CrKCUMNUTATION. 


CttAT    X 


cut  off  foi'  a  length  in  three  cases  of  "2  inch  and  in 
the  four  other  ciisoa  of -14,  ■12,  *!,  and  -07  inch.  15ul 
these  cotyledons,  after  heing  extended  horizontally, 
bowed  themselves  upwards  as  eft'ectiially  as  the  nn- 
niutilated  specimens  in  the  same  pots,  showing  that 
Beasitivenesa  to  gravitation  is  not  confined  to  their  tips. 


Geotropism. 

This  movement  is  directly  the  reverse  of  apogeo- 
tropism.  Many  organs  bend  downwards  through  epi- 
nagty  or  apheliotropisiu  or  from  tlieir  own  weight ;  but 
we  have  met  with  very  few  cases  of  a  downward  move- 
ment in  sub-aBi'ial  organs  due  to  geotropism.  Wo 
shall,  however,  give  one  good  instance  in  the  following 
section,  in  the  case  of  Trifohwn  suhienraneuvij  and 
probfc.bly  in  that  of  Arachis  hyfogsea. 

On  the  other  hand,  all  roots  whieb  penetrate  the 
gmimd  (including  the  modified  root-like  petit.»lea  of 
IVlegaiThiza  and  IpomoBa  leptophyU a)  are  guided  in  their 
downward  course  by  geotropism ;  and  so  are  many 
aerial  roots,  whilst  othei-s,  as  those  of  the  Ivy,  appear 
to  be  indifferent  to  its  action.  In  oor  first  <;hapter  the 
movements  of  the  radicles  of  several  seedlings  were 
described.  We  may  there  see  (Fig.  1)  iiow  a  radicle 
of  the  cabbage,  when  pointing  vertically  npwards  so 
as  to  be  very  little  acted  on  by  geotrojiism,  circum- 
nutated  ;  and  how  another  (Fig.  2)  which  was  at  first 
placed  in  an  inclined  position  bowed  itself  downwanla 
in  a  zigzag  line,  sometimes  remaining  stationary  for  a 
time.  Two  other  radicles  of  the  cabbage  travelled 
dowTiwards  in  afmnst  rr^ctillTirar  courses.  A  radicle  of 
the  bean  plac^Ml  upright  (Fig.  20)  made  a  great  sweep 
and  zigzagged ;  but  as  it  sank  downwards  and  wus 
more  strongly  acted  on  by  geotropism,  it  moved  in  nn 
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almost  straiglit  course.  A  radicle oi" Cwcurbita,  directed 
upwards  (l''ig.  2(i),  also  zigzagged  at  first,  and  de- 
scribed small  loops;  it  then  moved  in  a  straiglit  line. 
Nearly  tlie  some  result  was  observed  with  the  radicles 
of  Zea  mays.  But  the  best  evidence  of  the  intimate 
connection  between  circumnutation  and  geotropisni 
was  afforded  by  the  radicles  of  Phaseoliis,  Vicia,  and 
Qucrcus,  and  in  a  less  dcgreo  by  those  of  Zea  and 
^sculus  (see  Figs.  18,  19,  21,  41,  and  52) ;  for  when 
these  were  compelled  to  grow  and  slide  down  hij^hly 
inclined  surfaces  of  smoked  glass,  they  left  distinctly 
serpentine  tracks. 

77*8  liuryhiff  of  Seed-cnpsttJc-e :  Trifotiwn  hvhhrraneum. — Tlie 
flower-heads  of  tlxis  pluut  ure  remarkable  from  produciiiK  oaly 
3  or  d  perfect  flowers,  which  are  situated  exteriorly.  All  tho 
other  many  flowers  abort,  and  am  mochlied  int<i  ripd  points, 
with  a  bundle  of  vesaelH  riiuniiig  up  tlieir  centres.  After  a  time 
5  lon^,  elastic,  claw-like  projections,  which  represent  the  divi- 
8ious  of  the  calyx,  are  developed  ou  tlieir  summits.  As  soon  as 
the  perfect  flowDrs  wither  they  bend  (lownwards,  supposing  the 
peduncle  to  etaud  upright,  aud  thoy  tlieu  closely  surround  its 
upper  part.  This  movement  is  due  to  epinasty,  as  ia  liktwisa 
the  case  with  the  llowera  of  '/'.  re/wi-s.  The  imperftjct  central 
flowers  ultim-^tely  foUow,  one  after  the  other,  the  same  coursa 
Whilst  the  perfect  flowers  arc  thus  bending  down,  the  whole 
IHjduncIo  cnrvea  downwards  and  increases  much  in  length, 
until  tiio  flower-iieiid  reaches  t.he  groumi.  Vauoher  *  snya  that 
when  tho  plant  is  80  placed  that  the  heads  cannot  soon  reach 
the  ground,  the  peduncles  grow  to  the  extraordinary  length  of 
from  6  to  9  inches.  In  whatever  position  the  brunches  may  he 
placed,  the  upper  part  of  the  peduncle  at  first  t>cnds  TcrticnUy 
upwards  through  heliotropism ;  V>ut  as  soon  as  the  flowers 
l^in  to  wither  the  downward  curvature  of  the  whole  peduni'I& 
commences.  As  this  latter  movement  occurred  in  coniple'o 
darkness,  and  with  peduncles  arising  from  upright  and  from 
dependeat  brancliius,  it  cannot  Ixt  due  to  apheliotropisra  or  to 
ejiinasty,  but  must  be  attributed  to   geotropism.     Nim  te«u 
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upright  flower-heads,  arising  from  hmnches  in  all  saria  of  posi- 
tions, on  plants  growing  in  n  warm  greenhouse,  were  marked 
with  thread,  and  after  24  h.  six  of  them  were  vertically  depen- 
dent; these  therefore  had  travelled  throngh  180"  in  this  time. 
Ten  were  extended  Eub-horizontally,  and  tliepe  had  movt-d 
through  about  9CP.  Three  very  young:  xJediinules  had  as  yet 
moved  only  a  little  downwards,  but  after  an  additional  24.  h. 
were  j;;i-eatly  inclined. 

At  the  time  when  the  flower-hends  reach  the  gi-onnd,  tlie 
yoiuiger  imperfect  flowers  in  the  ceuti-e  are  still  prcRsed  closely 
together,  and  form  a  conical  projection ;  whereas  the  perfect  and 
imperfect  flowers  on  tlie  outside  are  upturned  and  closely  sur- 
round the  peduncle.  They  iiro  thus  a<lftpted  to  offer  as  little 
resistance,  aa  the  case  adrait's  of,  in  penetrating  the  ground^ 
tliough  the  diameter  of  the  flower-head  is  Ktill  Lonaiderablo. 
The  means  by  wliicU  tins  penetration  is  offucte*!  will  preseully 
1)6  described.  Tho  flower-hoada  are  able  to  bui-y  themselves  ill 
common  garden  mould,  and  easily  in  sand  or  in  fine  sifted 
cindere  packed  rather  closely.  The  depth  to  which  they  iwno- 
trated,  measured  from  tho  snrfne«  to  the  base  of  tho  head,  was 
lietween  i  and  i  inch,  but  in  one  case  rather  alwve  0-6  inch. 
With  a  plant  kept  in  tho  house,  a  head  partly  buried  iiself  in 
sand  in  6  h. :  after  '6  days  only  the  tips  of  the  rc-flcxed  calyceg 
wore  visible,  and  after  6  days  the  whole  had  disappeared.  But 
with  plants  growing  out  of  doors  wo  liclieve,  from  casual  obser- 
vations, that  they  bury  themselves  in  a  much  shorter  time. 

After  tho  hcofls  have  buried  themselves,  the  central  aborted 
flowers  inci^ease  considerably  in  length  and  ngidity,  and 
become  bleached.  They  gradually  curve,  one  after  the  other, 
upwards  or  towards  the  peduncle,  in  the  same  maimer  as 
did  the  perfect  flowei-s  at  first.  In  thus  moving,  the  long  clawa 
on  their  summits  carry  with  them  some  earth.  Hence  a  flower- 
head  which  has  lieen  buried  for  a  sufiicicnt  time,  fornis  a  nither 
lai-ge  ball,  consisting  of  the  aborted  flowers,  separated  from  one 
another  l>y  earth,  and  sniTounding  tho  little  pods  (the  product 
of  the  perfect  flowers)  which  lie  close  mund  tho  upper  part  of 
the  peduncle.  The  ealyco-s  of  the  perfect  and  imperfect  flowers 
are  clothed  with  timplo  and  multicellular  hairs,  which  have  the 
jtower  of  absorption ;  for  when  placed  in  a  weak  solution  of 
carl>onate  of  ammonia  (2  gr.  to  1  oz.  of  water)  their  proto- 
plasmic contents  immediately  became  aggregated  and  nfterwardi 
(tisplnyod  the  usual  slow  movements.     This  clover  generally 
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grows  in  dry  soil,  but  whether  the  power  of  nl>sorption  by  tli« 
hairs  on  the  burieii  fluwer-heads  is  of  any  importance  to  tlieio 
wo  do  not  know.  Only  a  few  of  tho  flower-heads,  whicli  from 
tlieir  position  ai*e  not  ahle  la  reach  tho  ground  and  bury  theni- 
solveB.  yield  eeeds ;  whereas  the  buried  ones  never  failed,  aa  far 
ail  wo  oliscrvcd,  to  produce  as  many  scods  as  there  bad  been 
ptM-fect  flawcra 
\Vu  will  now  consider  the  movements  of  the  peduncle  whilst 

ng.  190. 


//•ffm.aar'i 
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jyifo'iit/n  svlUrrancvm  :  dowoward  niovcmcat  of  (n-tluDcle  from  ID^'benentli 
lb«  huriznti  to  a  nearly  \L-i't)i.'a!Jy  ilejiciitt'-nt  |){Hiitioii,  ttnccti  from 
11  A.u.  July  2'2n>.l  tu  tlic  niuniiu^  of  S.Sth.  Glniis  filament  fixtjii 
trnnsversely  across  pctiuncle,  at  base  ot  tioWRr-beod. 

curving  down  to  the  groinid.  We  have  seeu  in  Chap.  lY., 
Fig.  9'2,  p.  225.  that  an  upright  young  flover-hcad  oiruumnu- 
tated  conspicuously;  and  that  this  movement  continued  after 
the  peduncle  had  hogim  to  bond  downwurtls.  The  fiuinu 
pmluuclo  viiia  observed  wlion  inclined  at  an  an^le  of  VJ°  al>cie 
tltfi  horij:ou,  and  it  circumnutateit  durlug  two  duju.    Auuthe; 
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which  was  already  curved  36°  bcBeath  the  horizon,  was  obBcrred 

h'otn  11  A.M.  July  22iiil  to  the  27th,  by  which  latter  date  i1 

hit-d  iMicoine  viirtically  de]jendent.    Its  course  during  the  first 

IJ  h.   ia  showu  in  Fig.   190,  and  its  poBition  on  the   threa 

(succeeding  mornings  until  the  25th, 

when  it  was  nearly  vertical.     I>nriug 

the  first    dny  the   peduncle  clearly 

circmnuutatud,  for  it  moved  4  times 

down  and  3  tiiues  up;  and  on  I'^ach 

Bucceediug  day,  as  it  sank  downwards, 

the   Bomo  movement  continued,  hut 

was   only  occasionally  observed  and 

was  Ic*B  strongly  marked.    It  should 

'rv:foliMmli'>UTranmm'.  cir-  ^"«  ^^^^'^  ^Imt  these  peduncles  wera 

ciimmitnttng  movement  -J  observed  under  a  double  skylight  in 

petluucle,  whilst  the  riowpr-  flie  lioufse,  fuul   tlmt  they  generally 

\,.A^  was  burymg  itself  ia   ^^^^^^^  dtj^TiwarJs  very  much   hiort 

SMUil.  w;th  the  r^Hcsed  ti]«      ,,,,,,  ,      , 

of  ttifi  nalyx  .Mtill  TisJbk ;  !^i"wl,v  than  those  on  plants  growmg 

tmcctJ   iro'tn  8  A.M.  .Inly  out  of  doors  or  in  the  grocnhouae. 

2»;th  to   9  A.M.  on  27tl..       The  movement  of  another  vertically 

GlasB  fi  ament  fixed  tram-     ,  -,      ,         .         ,        -.u   i-i.     « 

v^rHelv    ho-os*    pedaucU,  <"ependent  peduncle  with  the  Hower- 
•mi&T  fiower-lieid.  head  standing  half  an  inch  above  the 

ground,  was  traced,  and  again  wbea 
it  first  tonched  the  ground;  m  both  cases  irregular  ellipses 
wore  described  every  4  or  5  h.  A  peduncle  on  a  plant  which 
had  been  brought  into  tliw  house, 
moved  from  an  upright  into  a  ver- 
tically dependent  poeition  in  a 
single  day;  and  hero  the  course 
ihiring  the  first  12  h.  was  nearly 
straight,  hut  with  a  few  well-iuarktri) 
zigzags  which  betniyevl  the  e8S(;utia1 
natui-o  of  tho  niovemenf.  Jjustly,- 
the  circumnutatjoa  of  a  pcdnucle 
was  traced  during  51  h.  whilst  in 
the  act  of  burying  itself  obliquely 
in  a  Uttlo  heap  of  sand.  After  it  had  buried  it«clf  to  such  a 
dejjth  thot  the  tips  of  tho  sepals  wcro  alono  visible,  the  above 
tignre  (Fig.  191)  was  traced  during  'i5  h.  When  the  flower- 
head  bad  comiilet^Iy  disiippeared  beneath  the  sand,  another 
tradng  was  niadu  during  11  h.  45  m.  (Fig.  192);  and  hero  agaia 
wti  see  that  the  ]>odauoIe  was  oiniuiunutaiins. 


Fig.  1B2. 


/W/o'i'Wft  mhterjaneum :  mori- 
invnl-  nf  muiie  jiedunclc,  with 
lIowur-lioAJ  c^mpletwly  buried 
|j«neath  tlie  sainl;  tnir-ed  from 
U  A.U.  U> 7. 1 5 r.U.  vu  J uly  2^tii. 
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Any  ono  who  will  observe  a  flower-head  burying  itself,  wil!  Iv 
coavinceU  thai  the  rocking  n  ovoracnt.  due  to  tlio  roritinued 
cinnunnutatfon  of  ihe  peiluncle,  plays  an  imfrortant  jwirt  in  rho 
net.  Considering  that  the  flower-hea^s  are  very  light,  that  tho 
)>eduiic!cs  are  long,  thin,  and  flRxilile,  and  that  they  arise  from 
flexible  bmnchfcH,  it  ia  incrtdiblc  that  an  objtct  as  blunt  a«  on© 
of  tliese  fiovver-lKMulK  (!oukl  penetrate  the  pruuud  by  nieaus  of 
tlio  growing  force  of  tlie  j)eduncle,  uiileHS  it  were  aided  by  tho 
locking  moveniLint.  Aftor  a  flowi-r-licad  baa  ix.'iietrated  the 
ground  to  u  small  depth,  another  and  efficient  ogei  cy  conies  into 
play;  the  central  rigid  aborted  flowcra,  eaoh  tcrniiiuitiiig  iu  tiro 
long  claws,  curve  up  towards  the  podunctc ;  and  in  doing  so 
can  hardly  fail  to  drag  the  head  down  to  a  greater  depth,  iiidetl 
as  tliis  action  ia  by  the  circumnutatiug  niovt-iucnt,  wliich  con- 
tinues after  the  fiowor-hcud  luis  completely  buried  itf:elC  The 
aborted  flower's  thus  act  something  like  the  hands  of  the  inole, 
which  force  tho  tairth  backwards  and  the  btxiy  forwnixls. 

It  is  well  known  that  the  seed-capsules  of  various  widoly 
distinct  plants  either  bury  themselves  in  the  ground,  or  are 
produced  from  imperfect  flowers  developed  beneath  the  surface. 
iiesides  the  present  case,  two  other  ivell-ruarbed  instances  will 
1>0  immediatoly  given.  II  is  prolnxble  tliat  ono  chief  good  thus 
gained  is  tlie  jjrotcctiou  of  the  seeds  from  animals  which  prey  on 
them.  In  tlie  case  of  T.  subtcnatievm,  tlio  seeds  are  not  only 
concealed  by  being  bnriod,  but  aro  likewise  protected  by  licing 
closely  surrounded  by  tho  rigid,  a^wrted  ilowurs.  We  may  tlio 
more  confidently  infer  that  protection  is  here  aimed  at,  because 
the  floods  of  goverul  species  iu  tlus  same  geuus  ore  protected  in 
other  ways  ;*  namely,  by  the  swelling  and  closurc  of  tho  calji, 
or  l>y  the  persistence  and  bending  down  of  tha  staudanl-petal,  Ac. 
But  the  most  curions  inatKuce  is  that  of  7'.  t/ioltosum,  in  which 
the  upper  flowers  arc  sterile,  as  in  7'.  sub/trruneum,  but  arc  hero 
developed  inty  large  brushes  of  hairs  which  envelop  iind  ]>rotcct 
tho  seed-beating  flowers.  Nevertheless,  in  all  these  coses  tho 
eapaulea,  with  their  seeds,  may  profit,  as  Mr.  T.  Thiseltou  Dyer 
has  remarked,t  by  their  being  kept  somewhat  damp  aud  tho 
advantage  of  sncli  dampness  perhaps  throws  light  oa  xhe  pre- 
eonce  of  tho  absorlicnt  hairB  ou  the  Imricd  flower-heocls  of  T.  Hult- 
tcrmntmn.    According  to  Mr.  Beiitham,  us  quoted  by  Mr.  Dyop^ 


•  Vaitohw,  ' Hist.  Phya.    ilii* 
r'  riantcu  it'Kmope,*  tuiu.  ii.  p.  I  iU. 


t  Bee  liis  iittercslhtfr  nrllolo  is 
'  Xaturu,'  April  4Ui,  lb78,  p.  4l4i 
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the  prostrate  babit  of  HtUanViemum  prwiratum  "  brings  tlifi 
ntpsulea  iu  contact  with  the  surface  of  the  groimd,  postpoues 
their  maturity,  and  so  favours  the  ideals  attaiulng  a  larj^er  tiize." 
The  ca()sules  of  C.vclaraon  and  of  Ox>ili3  '^cclusfUa  nte  ouly  occa- 
Bionnlly  bxiriott,  and  this  only  beoeHtli  dead  Itaives  or  moss.  If 
it  be  an  advantage  to  a  plant  that  its  capsules  slioald  be  kept 
damp  and  cool  by  being  luid  on  the  gi-oimd,  we  Imvc  in  these 
latter  (aises  the  first  atop,  from  which  the  power  of  penelniUiig 
the  grouud,  with  tlic  ai<i  of  thfi  always  proseut  movement  of 
circunmutation,  might  aftorv.ards  Iiuvo  been  gained. 

ArachU  hi/p'gau. — Tho  flowers  which  bury  themselreSj  rise 
from  stiff  branches  a  few  inches  above  tho  ground,  and  stand 
■upright.  After  they  have  fallen  off,  the  gynopliorc,  that  is  the 
l>ftrt  whicli  supports  the  ovarium,  grows  to  a  great  length,  even 
to  3  or  4  inches,  and  bends  perpendiciUarly  downwards.  It 
resembles  closely  a  peduncle,  but  has  a  smooth  and  jwinted 
tt])ex.  which  contains  the  ovules,  and  is  at  first  not  in  the  least 
(!iilarged.  The  apex  aftor  readiiiig  the  ground  penetrates  it,  iu 
OTje  Kise  obKer\'e(l  \>y  us  to  a  depth  of  1  inch,  and  in  another 
to  07  inch.  It  there  becomes  develoijcd  into  a  largo  ihkI. 
riowcrs  which  are  seated  too  liigh  on  tho  plant  for  the  gyno- 
phore  lo  reach  the  ground  are  said*  never  to  produce  pods. 

The  movement  of  a  young  pjTiophore,  rather  under  an  inch 
ill  length  and  vertically  dependent,  was  traced  during  i&  h.  by 
nicauB  of  a  glass  filament  (with  sights)  (ixed  transversely  n 
little  above  the  apex.  It  plainly  nircumnutaied  (Fig.  193) 
whilst  increasing  in  length  and  growing  downwanls.  It  waa 
then  raised  up,  &n  as  to  be  extended  almost  horizontally,  and 
tho  terminal  part  curved  itself  downwards,  fo'lowing  a  nearly 
Rtraight  course  during  12  h.,  but  with  one  attempt  to  circum- 
nutate,  as  shown  in  Fig.  194-  After  24  h.  it  had  hei^onio  nearly 
vertical.  Whether  the  exciting  cause  of  tho  downward  move- 
ment is  gcotrapism  or  apliuliotropism  was  not  ascertained;  but 
proliably  it  is  not  apheliotrcipism.  as  all  tho  gynophores  grew 
straight  down  towards  tho  groand.  whilst  the  light  in  the  hot- 
honsft  entered  from  one  side  as  well  as  from  abova  Another] 
and  older  gj-nophore,  the  ai>ex  of  which  had  nearly  reached  tlioJ 
^rround,  was  obsei'ved  during  3  days  in  tho  same  manner  as  the 
rirfil-mentioue^l  ehortoiie;  and  it  van  fttnnd  to  Iw  always  cirenm- 
ciitating.    During  tho  first  34  h.  it  described  a  figure  which 

•  'Card.  CUrunido,*  IM7,  p.  5(;6. 
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represented  four  ellipses.    Lastly,  a  long  gynophore,  the  apex  of 
which  had  buried  itself  to  the  depth  of  about  half  an  inch,  wm 

Fig.  194  ' 


ng.  tM 


Arachis  kypogcea ;  dream- 
notaUon  of  vertically 
dependent  young  gyno- 
phore, traced  on  a  ver- 
tical glas3  from  10  A.x. 
July^lst  to  8  A..U.  Aug. 
2M. 


^rticAu  hypogaat  down- 
ward morement  of  same 
young  gyaophore,  after 
being  eiteaded  horixon- 
tally ;  traced  on  a  vertical 
glass  firom  8.30  A.M.  U 
8.30  P.IL  Aag.  2nd. 


pulled  Up  and  extended  horizontally :  it  quickly  began  to  cum- 
downwards  in  a  zigzag  line;  but  ou  the  following  day  the  tcr- 
'      34 
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miu&l  bleached  portion  was  a  Little  Bhrivelled.  As  the  gyno- 
phoicB  am  ri^^id  aud  arise  from  eliff  branches,  and  as  the; 
tttrmiDate  in  sharp  emooth  points,  it  is  probable  that  they  could 
penetrate  the  ground  by  the  mere  forco  of  growth.  Uut  this 
action  must  he  aided  by  the  circuiuQutating  movement,  for  fine 
sand,  kept  moiut,  vids  pressed  clooe  round  the  apex  of  a  gyno- 
phoro  which  hud  Reached  the  ground,  and  after  a  few  hours  it 
was  surrounded  by  a  narrow  open  crack.  After  three  weeks 
this  gyiiophore  was  uncovered,  and  the  ai>ex  was  found  at  a 
depth  of  lather  altovc  half  an  inch  developed  into  a  smaU,  white, 
oval  pod. 

Amphica-paa  nwnuicn.—This  plant  produces  long  thin  fshoots, 
wluch  twine  round  a  support  and  of  course  circunmutate. 
Early  in  the  summer  shorter  shouts  are  produced  from  the 
lower  ports  of  the  plant,  which  grow  perpendicularly  downwards 
and  penetrate  the  gruuud.  One  of  these,  tcrmitjating  in  a 
minute  bud,  was  obseiTed  to  bury  itself  in  sand  to  a  tlepth  of 
0'2  inch  in  24  h.  It  was  lifted  up  and  lixod  in  an  inclined 
position  about  '25^  beneath  the  horizon,  being  feebly  illuminatod 
from  above.  In  tliiti  position  it  de&cribed  two  reitical  ellipses 
in  24  h. ;  but  on  the  following  day,  when  brought  into  the  house, 
it  circuinnutat<jd  only  a  very  little  round  the  same  spot.  Other 
branohes  were  seen  to  penetrate  the  ground,  and  wero  after- 
wards found  running  like  roots  beneath  the  surface  for  a  length 
of  nearly  two  inches,  and  they  had  grown  tliick.  One  of  these, 
after  thus  riinmng,  had  emerged  into  the  air.  How  far  circum- 
uutation  aids  these  delicate  branches  in  entering  the  ground  wo 
do  not  know;  but  the  reflexed  hairs  with  which  they  arc  clothed 
will  assist  in  the  work.  This  plant  produces  pods  in  the  uir, 
and  others  Ixincath  the  ground  ;  which  differ  greatly  in  appear- 
ance. Asa  Gray  says  *  that  it  is  the  imperfect  flowers  on  tlie 
creeping  branches  neai'  the  base  of  the  plant  which  produce  the 
subterranean  pods;  these  flowers,  therefore,  must  bury  theui- 
ftdvcs  like  those  of  Arachis.  But  it  may  be  suspected  that  the 
branches  which  were  seen  by  us  to  penetrate  the  ground  also 
produce  subterranean  flowers  aud  pods. 

DlAOEOTHOPISSi. 

Besides  geotropism  and  apogeotropism,  t}»ere  i^ 
according   t.)   Frank,  an   allied   form   of  moveioent, 

•  •  Manunl  of  the  Bfitnny  of  the  Vorthern  United  St«ttV  1856.  p,  100. 
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oainely,  **  trans verse-geotropUm,"  or  diagcufropisni,  as 
we  muy  coll  it  for  the  sake  of  luatchiag  our  otber 
terms.  Uniler  ttie  influenoe  of  gravitation  certain 
piirts  are  excited  to  place  themselves  more  or  less 
tianaversely  tu  the  liue  of  its  action.*  We  made  no 
observations  on  this  subject,  and  will  here  only  r^ 
mark  that  the  poaition  of  the  secondary  radicles  of 
various  plants,  which  extend  horizontally  or  are  a 
little  inclined  dowiinards,  would  probably  be  con- 
sidered by  Frank  as  due  to  transverse-geotropism. 
As  it  has  been  shown  in  Chap.  I,  that  the  secondary 
radicles  of  Cucnrbita  made  serpentine  tracks  on  a 
smoked     glass-plate,     they    clearly     circumnutattMl, 

'  and  there  can  hardly  be  a  doubt  that  this  holds 
good  with  other  secondary  radicles.  It  seems  there- 
fore highly  probable  that  they  place  themselves  tu 
their    diageotropic    position    by   means  of   modified 

,  circumuutation. 


Fiuolly,  we  may  conclude  that  the  three  kinds  of 

movement  which  have  now  been  described  and  which 

are  excited  by  gravitation,  consist  of  modified. cii'cum- 

[nutation.     Different  parts  or  organs  on  the  same  plant, 

~aud  the  some  part  in  different  species,  are  thus  excited 

to  act  in  a  widely  diffureut  manner.     We  can  see  no 

reason  why  the  attraction  of  gravity  shoiihl  directly 

modify  the  state  of  turgescence  and  subsequent  growth 

of  one  part  on  the  upper  side  and  of  another  part  on 

[the  lower  side.    We  aie  therefore  led  to  infer  that  both 

geotropic,  apogeotropic,  and  diageotropic  movements, 

the  purpose  of  which  we  can  generally  understand, 


•  VKvIng  lifkB  iHtcIy  di'scribed 
^'ArlhitcD  Hca  lioi.  Itistituti  in 
V&izNirg/  It.  li.  1880,  p.4S9,  an 


exot-lknt  IiiBtam-c  of  swh  bbotc- 
mcntii  in  lUv  ihiiuuca  of  ocitulu 
plaiitA. 
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have  been  acquired  for  the  advantage  of  the  plant  by 
the  modification  of  the  ever-present  movement  of 
circumnutation.  This,  however,  implies  that  gravi- 
tation produces  some  effect  on  the  young  tiasuea 
sufficieut  to  serve  as  a  guide  to  the  plant. 
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CHAPTER  XI. 

LOVAUBBD  SMIMI'HOMB  TU  OUTITATIOV,  AXV  ITB  TKAVwrmb 
Bftbcta 

Gen«rjl  cortstdemions— '^leU  («ba,  effevb  of  ftrnptilating  the  tipfl  o( 
Uie  radiclefl  — KegenemlioD  uf  t)i«  tips— KOerts  of*  short  eXfKieDre 
or  tho  tips  to  geotrapk  acCiun  an>I  their  sabseqiKjDt  omptitatioa — 
Effect!  or  »ix)polat'uig  the  lips  obliqaely — EffeoUof  ciiutcrising  tbn 
tip« — ■Effi-cta  of  graiM  mi  the  lips — PiBum  utivum,  tip«  of  rnilicVa 
rauten»ed  transversely,  and  on  their  upp^r  and  lowtr  eidee — 
rhoJKolua,  cautcTisutiun  aud  grease  oq  the  tips — Goflsypium — 
Cncarhita,  tips  rauttirtsed  transveraely,  aud  ou  their  npptir  and 
liiwer  sides  —  Zea,  t  ps  rautertfted  —  Concluding  rc-moiks  and 
summary  of  chnpter — Advuntages  of  the  eensibiliiy  lo  geotropian: 
being  localised  in  tlie  tips  of  tli«  ndiclee. 

CiGSiEi^Ki  states  *  that  when  the  tooXa  of  Pisurn, 
Lens  and  Viclu  were  extended  horizontally  with  their 
tips  cut  off,  they  were  not  act«d  on  by  geotropism ; 
but  some  days  afterwards,  when  a  new  root-cap  and 
vegetative  point  had  been  formed,  they  bent  thorn- 
solves  perpendicularly  downwards.  He  further  stat^^s 
that  if  the  tips  are  cut  off,  after  the  roots  have  been 
left  extended  horizontally  for  some  little  time,  but 
before  they  have  begun  to  bend  downwards,  they  may 
be  placed  in  any  position,  and  yet  will  bend  as  if  still 
acted  on  by  geotropism ;  and  tliis  shows  that  some 
influence  had  been  already  transmitted  to  the  bonding 
part  from  tho  tip  before  it  was  amputated.  Sachg 
repeated  these  experiments  ;  he  cut  off  a  length  of 
between  '05  and  1  mm.  (measured  from  the  apex  of  the 


*  MhirartakrammoDg  der  Wurzd,'  Iiiaug.  DisBert.  nrcsUu.  1871. 
p.  20. 
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regfitatWe  point)  of  the  tips  of  the  radioloB  of  the 
biiiin  {Vicia  faha),  uud  placed  them  horizontally  or 
?ortically  in  damp  air,  earth,  and  water,  with  the 
result  that  they  became  bowed  in  all  sorts  of  direc- 
tions.' He  thei'eforc  disbulieved  in  Ciesielski's  con- 
clusions. But  as  we  have  seen  with  several  plants 
that  the  tip  of  the  radicle  is  sensitive  to  contact  and 
to  other  irritants,  and  that  it  transmits  some  influence 
to  the  upper  growing  part  causing  it  to  bend,  there 
seemed  to  us  to  be  uo  a  priori  improbability  in 
Ciesielski's  statements.  We  therefore  determined  to 
repeat  his  experiments,  and  to  try  others  on  several 
species  by  different  methods. 

Ktcia/ofti. — ItndirleB  of  this  plant  were  extended  hm-izontally 
either  over  water  or  with  their  lower  uiirfaees  just  touching  it 
Their  tips  hatl  previously  been  cut  olT.  in  a  dJnxTtitHi  oh  accu- 
rately traiifiverse  ob  could  be  done,  to  ditTer«nl  leBgths,  measured 
from  the  apex  of  the  root-cap.  and  wliich  will  be  specified  in 
each  case.  Light  was  always  excluded.  We  had  previounly 
tried  huudreda  04"  unmutiliited  radicles  under  similar  cireura- 
8tanoe«,  and  found  that  every  one  that  was  healthy  becauie 
plainly  geotropic  in  under  12  h.  In  the  case  of  four  radicles 
which  had  their  tips  cut  off  for  a  length  of  1*5  mm.,  new  root- 
caps  and  new  vegetative  points  were  ro-formed  after  an  interval 
of  3  days  20  h. ;  and  these  when  plai-ed  liOTizon tally  were  acted 
on  by  geotropiam.  On  some  other  occasions  this  regeneration 
of  the  tips  and  reacquin>d  seneitiTenefiB  occurred  within  a  sodio> 
what  shorter  time.  Therefore,  radicles  having  their  tipa 
amputateil  Bhonld  be  observed  iu  from  12  to  4ti  h.  after  the 
operation. 

Four  riidicles  were  extended  horizontally  with  their  lower 
surfaces  touching  the  water,  and  with  their  tips  cut  off  for  a 
length  of  only  0"5  mni. :  after  23  h.  three  of  them  were  still 
horizontal ;  after  47  h.  one  of  the  three  hecamo  fairly  geotiopic; 
and  after  70  b.  the  other  two  showed  a  trace  of  this  action.  The 
fourth  radicle  wna  vertically  geotropic  after  23  h.;  but  by  an 
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ftccidcnt  the  root^^^ap  alone  and  not  tbo  vegetative  poial  voa 
found  to  have  been  amputated ;  so  thai  tliis  case  formed  do  real 
eiccptiou  and  might  have  tteeu  excluded. 

Fivo  radjoles  woro  extondod  horizontally  like  the  lout,  aud 
bad  tbeir^tips  cut  off  for  a  length  of  I  mm. ;  after  22-13  h.,  four 
of  them  were  still  horiz  ntal,  and  one  waa  slightly  geotropic; 
after  48  h.  the  latter  had  become  vertical;  a  sicoiid  waa  also 
Komewhttt  geotropie ;  two  rftumined  approximately  horizontal; 
and  the  last  or  tifth  had  grown  iu  a  disordered  manner,  for  it 
was  inclined  upwards  at  an  angle  of  6J°  alwvo  the  liorizon. 

Fourteen  radicleR  were  extended  horizontally  at  a  litlJe  height 
over  the  water  with  their  tips  cut  off"  for  a  length  of  1-5  mm.; 
after  12  h.  all  were  horiy.ontal,  whilst  live  control  or  standard 
epeoimena  in  the  Raino  jar  were  all  bent  j;rt'atly  downwards. 
AftcT  2-ih.  several  of  the  amputated  radicles  remained  hori- 
Bontal,  but  some  showed  a  trace  of  geotropiamj  and  one  was 
plainly  geotropic,  for  it  was  inclined  at  40"  beneath  the  horizon. 

Seven  horizontally  extended  ratlieles  from  which  the  tiijs  had 
been  cut  off  for  tlie  unusual  length  of  2  mm.  unfortunattly  were 
not  looked  at  until  35  li.  hadelapsed;  three  were  still  horizontal, 
but,  to  our  Burprise,  four  were  more  or  leas  plainly  geotrojiic. 

The  radicles  in  the  foregoing  cases  wore  measured  before  their 
tips  were  amputated,  and  in  the  courRO  of  2-1  h.  they  liad  all 
iucrtoHod  greatly  in  length;  but  the  measurements  are  not 
worth  giving.  It  is  of  more  importance  that  Sachs  found  that 
the  rate  of  growth  of  the  different  parta  of  i-adicles  with 
amputated  tips  waa  the  <:ame  as  with  uunintilated  ones.  Alto- 
gether twenty-nine  radicles  weio  operated  on  in  the  manner 
above  described,  and  of  these  only  a  few  showed  any  geotrupic 
curvature  within  24  h. ;  whereas  radicles  with  unmutilated  tipt 
always  became,  as  already  stated,  much  bent  down  in  less  than 
half  of  this  timo.  The  part  of  the  radicle  which  bends  most  lies 
at  the  ilistance  of  frutn  8  to  6  mm.  from  the  tip,  and  as  tlio 
bending  part  continues  to  grow  after  the  oi)eration,  there  doea 
not  scorn  any  reason  why  it  should  not  have  been  acted  ou  by 
geotropism,  unless  its  curvature  depended  on  some  influence 
transmitted  from  the  tip.  And  we  have  clear  evidence  of  such 
transmission  in  Oiosielski's  experiments,  which  we  repeated  and 
sxtended  ia  the  following  manner. 

Beans  wore  embedded  in  friable  peat  with  the  bilam  down- 
wards, and  after  their  radicles  had  grown  perpendicularly  down 
Cor  a  length  of  from  ^  to  I  inch,  sixteen  were  selected  which 
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were  porfcctlj  stiBight.  ood  the&o  voro  placod  horizozitally  on 
the  peat,  being  corered  hj  a  tliin  layer  of  it  They  viere  ihvs 
l«fl  for  an  averse  period  of  1  h.  87  m.  The  tips  were  then  cut 
off  truMveraelif  for  a  length  of  I'b  mm,,  and  immediately  afler- 
vardB  they  were  embedded  vertically  in  the  peat  In  'his  position 
geotropism  would  not  tend  to  induce  any  cnrTntnro,  but  if  some 
influence  had  already  been  transmitted  from  the  tip  to  the  part 
which  Iiends  mofit,  we  might  expect  that  this  part  would  become 
curved  in  the  direction  in  which  geotropism  had  pr^ouely 
acted;  for  it  should  be  noted  that  these  radicles  being  now 
destitute  of  their  Bensitire  tips,  would  not  be  prcTontcd  by 
geotropism  from  curving  in  any  direction.  The  result  was  that 
of  the  sixteen  vertically  embedded  radicles,  four  continued  for 
several  days  to  grow  straight  downwards,  whilst  twelve  became^ 
more  or  less  bowed  laterally.  In  two  of  the  twelve,  a  trace 
curvature  was  perceptible  in  3  h,  30  m.,  counting  from  the  time 
when  they  had  tirst  been  laid  horizontally  ;  and  all  twelve  were 
plainly  bowed  in  6  h-,  and  still  more  plainly  in  9  h.  In  every 
one  of  them  the  curvature  was  directed  towards  the  side  which 
had  1x;eti  dou'nwards  whilst  the  radicles  remained  horizontal. 
The  curvature  extended  for  a  length  of  from  5  to,  in  one  in- 
stance, a  mm.,  measured  ^m  the  cut-off  end.  Of  the  twelve 
bowed  radicles  five  became  permanently  benl  into  a  right  angle; 
the  other  seven  wore  at  first  much  less  bent,  and  their  curvature 
generally  decreased  after  24  h.,  but  did  not  wholly  disappear. 
This  decrease  of  curvature  would  naturally  follow,  if  an  ex- 
posure of  only  X  h.  37  m.  to  gcotro]usin,  served  to  modify  the 
tnrgesoence  of  the  cells,  but  not  their  snbBequent  growth  to 
the  full  extent  The  five  radicles  which  were  rectangularly 
bent  became  fixed  in  this  position,  and  they  conttnuod  to  grow 
out  horizontally  in  the  peat  for  a  length  of  about  1  inch  during 
from  4  to  6  days.  By  this  time  new  tip«  had  been  formed ;  and 
it  should  be  remarlied  that  this  regeneration  occurred  slower  in 
the  peat  than  in  water,  owing  perhaps  to  the  radicles  being 
often  luokod  at  and  thns  disturbed.  After  the  tips  bad  been 
regenerated,  geotropism  was  able  to  act  on  them,  so  that  they 
now  l^ecame  bowed  vertically  downwards.  An  accurate  draw- 
ing (Fig.  195)  is  given  on  the  opposite  page  of  one  of  thoso  five 
radiclea,  reduced  to  half  the  natural  size. 

We  next  tried  whether  a  shorter  exposure  to  geotropism 
would  B^ifficG  to  produce  an  after-effect  Seven  ratlicles  were 
sxtouded  horizontally  for  an  hour,  instead  of  1  h.  37  m.  as  in  the 
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former  trial ;  and  after  their  tips  (1*0  mm.  In  length)  had  been 

amputated,  they  wcpo  placed  vertically  in  damp  peat    Of  these, 

throe  were  not  in  the  least  affected  and  continued  for  days  to 

grow  straight  downwards.    Four  showed  after  8  h  30  m.  a  mere 

trace  of  cnryature  in  the  dire<:;tion  in  which  they  had  been  acted 

on  by  gooiropism;  and  in  this  respect  they  differed  much  from 

those  which  had  been  exposed  for 

1  h.  37  ra..  for  many  of  the  latter  ^*  '^a. 

were  plainly  curved  in  6  h.    The 

curvature  of  one  of  these  four 

radicles  almost  disappeared  after 

21  h.     In   the  second,  the  cur- 

yature  increased  during  two  days 

and  then  decreased.     The  third 

radicle  became  permanently  t>ent, 

so  that  itA  terminal  part  mode  an 

angle  of  about  45"  with  its  original 

vertrcal    direction.     The    fourth 

radicle  became  horizontal.    These 

two    latter    radicles     oontinnod 

daring  two  more  days   to    grow 

in  the  i>eat  in  the  same  directions, 

that    is,  at    an  angle    of    45°  Iw-  yi^^,  f^ha  -.  radicle,  rectaDRoIartj- 


neath  the  horizon  and  horizon- 
tally. By  the  fourth  morning  new 
tips  bad  been  re-formed,  and  now 
geotropism  was  able  to  act  on 
them  again,  and  they  became 
bent  perpendicularly  downwards, 
exactly  as  in  the  cose  of  the 
five  radicles  described  in  the 
last  panigraph  and  as  is  eliown  in 


heat  sX  A,  aflcr  the  ampumtion 
or  the  tip,  due  tu  the  previuua 
iaf]  uence  of  gvotropisni.  L,  » Je 
cif  bena  which  lay  on  the  peat, 
whiltt  geoti-ftpiiim  a^tet)  on  the 
radicle.  A,  point  of  chief  cur- 
vature of  the  radicle,  whilit 
standing  vertically  downwards. 
B,  [luint  of  chief  curvature  ufler 
tbcregeatrationcf  the  lip,  whea 
geotr»|>iBni  Kgun  actel.  C,  re- 
generalej  tip. 


the  figure  (Fig  195)  here  giver. 

Lastly,  five  other  radicles  were  similarly  treated,  but  were  ex- 
posed to  geotropism  during  on^y  45  m.  After  8  h.  30  m.  only 
oue  waa  doubtfully  affected;  after  2-4  h.  two  were  just  per- 
ceptibly curved  towanis  the  side  which  had  boeti  acled  on  by 
geotropism;  after  48  h.  the  one  first  mentioned  had  a  radius  of 
^urvattixe  of  60  mm.  That  this  curvature  was  due  bo  the  aiiion 
of  geotropism  during  the  liorixontal  position  of  the  ratliclo,  waa 
shown  after  4  days,  when  a  new  tip  hail  Iwen  reformed,  fur  it 
tJien  grew  perpendicularly  dnwn-wanis.    We  leani   fi'oni  this 
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flwe  tiiAt  when  tlie  tip*  an  iM|>«l«lfiil  After  sn  t±pmm€  to  goK , 
ImfMsm  o(  only  45  m.,  tho*^  ft  aligfat  mllMBee  m  \ 
liiiMiiiltrii  to  the  a^ijouiiiig  pwt  of  the  ladide,  yat  ikm  M HrniH 
nSeai,  and  tlien  ooly  alovlj,  to  oidaoo  ertn  ■■wlwafc'ij  nU- 
prooooaeeii  cBTTstKre. 

la  tlw  pnnoaMij  gives  cipmiwiitH  gb  39  twrooitaUr  ex- 
tokded  rwlTcIes  vith  tiietr  tipa  amptitM,  only  oae  gT«w  trre- 
gnUriy  in  any  nurked  muuer,  «Bd  kfatt  bocune  bowed  opv&nlii 
it  an  angle  of  6b'-'.  In  CirfflBtakiTB  experiments  &e  ndiclea 
eonld  not  hare  groim  r&j  irragnlariy.  for  if  tli^  had  done 
90,  be  eottld  not  hare  spoken  confidently  of  tfao  oblitentiim 
of  all  geotiofnc  action.  It  ia  therefore  remai:kaUe  that  Sachs, 
who  experimentei]  on  many  radicke  with  tbeit  tips  amputated, 
fonnd  extremely  diaofdered  growth  to  be  the  nsnal  refinlt.  As 
horizontally  extended  radicles  with  amnntated  tips  are  some- 
times  acted  on  slightly  by  geotiopism  within  a  short  time,  and 
are  often  acted  on  plainly  after  one  or  two  d^ys,  wo  thought 
that  this  inflaence  might  possibly  prevent  disortlereii  growtb,^ 
though  it  was  not  able  to  induce  immediate  corTatnre.  There-^j 
fore  13  radicle'',  of  which  6  had  their  tips  ampTitated  tran»-| 
veriiely  for  a  length  of  15  mm.,  and  the  other  7  for  a  length  of  ^ 
only  0'5  mm.,  were  sufipend(^d  rertically  in  damp  air,  in  which 
position  they  would  not  be  affected  by  geotropism;  but  they 
exhibited  no  great  -irr^ularity  of  growth,  whilst  obeerved 
daring  4  to  6  days.  We  next  thought  that  if  care  were  not 
taken  in  catting  off  the  tips  transversely,  one  side  of  the  stomp 
might  be  irritated  more  than  the  other,  either  ut  first  or  snlv 
ftequcntly  daring  the  regcnerati(m  of  the  tip,  and  that  tliis 
might  cause  the  radicle  to  bend  to  one  side.  It  has  also  beeag 
shown  in  Chapter  111.  that  if  a  thin  slict^  be  cut  off  Cfoe  side 
of  the  tip  of  the  radicle,  this  causes  the  raiMcIe  to  bend  from 
the  sliced  side.  Accordingly,  30  radicles,  with  tips  ompntafcd 
for  a  length  of  1-5  mm.,  wore  alloired  to  grow  perpendicularly 
downwanls  into  water.  Twenty  of  them  were  amputated  at  an 
angle  of  20^  with  a  line  tranavenie  to  their  longitudinal  axes; 
and  such  slumps  appeared  only  moderately  oblique.  The 
remaining  ten  rodiclus  were  amputated  at  on  angle  of  alwut 
i5^  Under  these  rireumstancca  no  loss  than  19  oat  of  the  30 
became  much  distorteti  in  the  course  of  2  or  3  days.  Eleven 
other  radicles  were  similarly  treated,  excepting  that  only  1  mm. 
(including  in  this  and  all  other  cases  the  root-cap)  was  ampu- 
tated ;  and  of  these  only  one  grew  much  and  two  others  slightly 
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distorted;  so  that  this  amount  of  oblique  amputation  was  not 
Ruffieiunt  Out  of  the  above  3(J  radicles,  only  one  or  two  showed 
in  tho  first  24  h.  any  distortion,  but  this  became  plain  in  the 
19  cases  on  the  second  day,  and  still  more  conspicuous  at  tho 
close  of  the  third  day,  by  which  time  new  tipa  had  been  partially 
or  completely  regeueratod.  When  therefore  a  new  tip  is  re- 
formoi  on  an  oblique  atnrap,  it  probably  is  developed  sooner  on 
one  side  than  on  the  other :  and  this  in  some  manner  oxcilea 
the  ftdjoiniuK  part  to  bend  to  oue  side.  Henfeit  seems  probable 
that  Sachs  unintentionally  amputated  the  radicles  on  which  he 
experimented,  not  strictly  in  a  trausvei-se  direction- 

This  explanation  of  the  occasional  irregular  growth  of  radicles 
with  amputateii  tips,  is  supported  by  the  resulls  of  cauterising 
their  tips ;  for  often  a  greater  length  on  one  aide  than  on  the 
other  was  unavoidably  injured  or  kiileil.  It  should  be  re- 
marked that  in  the  foUuwing  trials  the  tips  were  first  dried 
with  blotting-paper,  and  then  elightiy  rubbed  with  a  dry  stiek 
of  nitrate  of  silver  or  lunar  caustic.  A  few  touches  with  the 
caustic  suffice  to  kill  the  root-cap  and  somts  of  the  upper  layers 
of  cells  of  the  vegotativo  point.  Twtmty-soven  radicles,  sorao 
young  and  very  short,  others  of  moderate  length,  were  suspended 
vorticftlly  over  water,  after  boing  thus  cauterised.  Of  these  some 
entered  the  water  immediately,  and  others  on  the  second  day. 
The  same  number  of  uncjiulerised  radicles  of  the  same  age 
were  observed  as  controls.  After  an  interval  of  three  or  four 
days  the  contrast  in  apptar'ince  between  the  cauterised  and 
eontrol  specimons  was  wonderfully  great.  The  contmla  had 
grown  straight  downward^",  with  the  exception  of  the  normal 
curvature,  which  we  have  called  Sachs'  cia rvature.  Of  the 
27  cauteri-ed  radicles,  15  had  become  extremely  distorted;  6  of 
them  grew  upwards  aitd  formed  hoops,  so  that  their  tips  some- 
times came  into  contact  with  the  Iteau  above ;  5  grew  out 
rectangularly  to  one  side ;  only  a  few  of  the  remaining  12  were 
quite  straight,  and  some  of  these  towards  the  ch^se  of  our 
ol«ei'vatioii8  became  hooked  at  their  extreme  lower  ends. 
Radicles,  extended  horizontally  instead  of  vertically,  with  their 
tips  cauterised,  also  sometinies  grew  di8t<)rted,  but  not  so  com- 
monly, as  far  as  we  could  judge,  as  those  suspended  vertically; 
for  this  oceurred  with  only  5  out  of  19  radicles  thus  treated. 

Instead  of  cutting  oflf  tho  tips,  as  in  the  iirst  set  of  oxpcri- 
nients,  we  next  trioi:!  the  effects  of  touching  horizontally  ex- 
tended radicles  with  caustic  in  the  manner  just  described.     But 
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imAi  ■»!  Ink  %•  w^  It^lieol>. 
ieeled  tt«t  ffae  cmoetie  vMkd  ngot  tiwndidea  aad  pRfeiift  tben 
6«ai  Icadiae:  hoA  ample  eridMee  «m  ema  m  Chiller  m. 
^  toa^np  tta  ti^s  of  vcciially  iiiwiiiiiiliiil  ndidoi  with 
eaiMlie  ob  oas  Me,  iem  ml  itop  ttev  feoadng;  on  the 
eoolBir.iteuM  tivB  tot«A6>aa  tt0to«eked  ndau  W* 
•iaotzMdtovcUBgtofhUK  upper  mt  ika  bmr  adoB  of  tb* 
tips  of  aooie  xwlicleB  of  fbe  beaa,  extended  liariHKitaQy  in  dunp 
friaUe  «ut]|.  Tb»  tips  of  three  wore  londied  with  CMutie  OD 
their  npper  ■idw,  and  ftii  wonld  aid  fhcir  saotrapie  heading; 
tte  tips  of  tfaiee  wen  tooahed  on  their  lower  ades.  which 
wtmld  teod  to  eoantetaet  the  hotding  downwards ;  and  three 
were  left  ■«  controls.  After  21  h.  an  independent  oheerrer  wu 
Bfiked  to  pick  ont  of  the  nine  Tadirlnw,  the  two  wfajdi  were  moet 
and  the  two  which  were  least  bent;  he  adeemed  as  the  latter 
two  of  thoee  which  had  been  toocbed  on  their  lower  sidee.  and 
as  tbe  most  bent,  two  of  ihoas  whioh  had  been  touched  on  Iha 
npper  side.  Hei^-after  analogous  and  more  striking  experiments 
with  I'Uum  mtirum  and  Cucurbita  ovi/era  will  be  given.  We 
naj  thererorc  safely  coDclnde  that  the  mere  application  of 
caustic  to  the  tip  does  not  prevent  the  radicles  from  bending. 

In  the  following  experiments,  toe  tips  of  young  horizontally  i 
extended  radicles  were  jost  touched  with  a  Btich  of  dry  caustic ; 
and  this  was  held  transversely,  so  that  the  tip  might  bo  c&u- 
teri»>l  all  ronnd  as  i^mmelricaUy  as  possible.  The  radicia 
were  then  suspended  in  a  closed  vessel  over  water,  kept  rather 
cool,  viz.,  SS^-SO®  F.  This  was  done  because  we  had  found 
that  tbe  tips  were  more  sensitive  to  contact  under  A  low  than 
under  a  high  temperature ;  and  we  thought  that  the  sanie  rule 
might  apply  to  gt-otropism.  In  one  excopUonnl  trial,  nine 
radicles  (whicli  were  rather  too  old,  for  taey  had  grown  to  a 
length  of  from  3  to  5  cm.),  were  extended  horizontiilly  in  damp 
friable  earth,  after  their  tips  bad  been  cantcrised,  and  were] 
kept  at  too  high  a  temperature,  viz.,  of  G8  F.,  or  20P  0.  The 
t«Rult  in  confleqoence  was  not  so  striking  as  in  the  subsoqaent 
eases;  fur  although  when  after  9  h.  40  m.  six  of  them  were 
examined,  these  did  not  exhibit  any  geotropic  bending,  yet  after 
24  h.,  when  all  nine  were  examined,  only  two  remained  hori- 
»)nta1,  two  exhibited  a  trace  of  geotropism,  and  five  were 
slightly  or  moderately  gcotropic,  yet  not  comparable  in  degree 
with  the  control  Bpecimens.  Marks  bad  been  made  on  eevon  of 
theoc  cauterised  radicles  at  10  mm.  &om  the  tipe,  which  inclndca 
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the  wholo  growing  portion ;  and  after  tho  24  h.  t)iis  part  li»'i 
a  mean  lengtli  of  37  mm.^  80  that  it  had  iucreaaed  to  more 
thftii  3^  times  its  ongiual  length;  but  it  should  bo  remembered 
that  tfae.-io  beans  had  been  cxpueed  to  a  rather  high  tooifioiatare. 
Nineteen  young  radicles  with  cauterised  tips  were  extended 
at  difTerc-nt  timL«  horizontally  over  water.  In  QTer>  trial  au 
equal  number  of  control  specimens  wore  observed.  In  the  firat 
trial,  the  ti[>8  of  three  nulioles  were  lightly  touched  with  the 
caustic  for  6  or  7  seconds,  which  was  a  longer  application  thai: 
OBiul.    After  23  h.  30  m.  (temp.  55''-^6*'  l\)  these  three  radicles. 


Vida  /aba.  itaU  of  raJiolai  which  hs<l  b««D  cxtcDded  hnrizonliillv  for 
3S  h.  30  m. :  A,  B,  C,  ti{>9  touched  with  cnu^tic  ;  D,  £,  F,  tips  nacKiite- 
rtted.  Lenetluof  rwlides  rodncoil  1u  E>D»-ha1f  scale,  bat  by  ma  .-wcidcDt 
iha  beniu  tntinwlTM  oot  mdncad  in  the  avxie  degrM. 

A,  B,C  (Fig  19fi).  were  Btill  horizontal,  whilst  the  three  control 
specimens  hod  beo^nio  within  8  h.  slightly  geotri]iic,  and 
strongly  bo  (,1),  E,  F)  in  23  h.  30  m-  A  dot  ha*J  l«eii  maiie  on 
all  six  radicles  at  10  mm.  from  their  tips,  when  first  placed 
horizontally.    Aftertbe  23 h.  30m.  this  tenninal  part, originally 

111)  mm.  in  length,  had  increased  in  the  cauterised  specimens  to 
a  mean  length  of  17'S  mm.,  and  to  15*7  mm.  in  tlie  control 
radicl 
line; 
tPOl  c 


radicles,  as  shown  in  the  figures  by  tlio  nnhroken  (ransretse 
line;  the  dotted  line  being  at  10  mm.  from  tho  apex.  The  ccn- 
tpol  or  nucauierised  radicles,  therefore,  bad  actually  grown  lo«a 


A 
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than  \\\o  cantorised;  hnt  this  no  doubt  was  accidental,  fol 
radicles  of  difTeront  agee  ^ow  at  different  ntea,  and  the  growth 
of  different  individuals  ia  hkewise  affected  hy  unknown  cauBt«, 
Tho  state  of  the  tips  of  these  three  radicles,  which  had  boon 
ftiuterised  for  a  rather  longer  time  than  nsual,  waR  aa  fsllowa : 
tho  blackened  apex,  or  the  part  which  had  Iit-cn  actnally  touched 
h\  the  cnvi«tifi,  was  auccoodcd  by  a  yellowish  zone,  due  probably 
to  the  absorption  of  some  of  the  caustic;  in  A,  both  zones 
together  were  1*1  mm,  in  length,  and  1-4  nun.  in  diameter  at  the 
base  of  the  yellowish  zone;  in  B,  the  length  of  both  wa8  only 
0  7  mm.,  and  tho  diamctor  0'7  mm.j  in  C,  the  leugtb  was  0'8 
mm  ,  and  the  diameter  1'2  mm. 

Three  other  radicles,  the  tips  of  which  bad  been  touched  with 
caustic  dnring  2  or  3  seconds,  remained  (temp.  SS^-SQ"  F  ) 
horizontal  for  23  h.;  the  control  radicles  having,  of  course, 
become  geolropic  within  this  time.  The  terminal  growing  part, 
10  mm.  in  length,  of  the  cauterised  radicles  had  increased  iu 
this  interval  to  a  mean  length  of  24-5  mm.,  and  of  tho  controla 
to  a  mean  of  2G  mm,  A  section  of  one  of  the  catiterised  tijje 
showed  that  tho  blackened  part  was  0*6  mm.  in  length, of  which 
02  mm.  extended  iutu  tho  vegetative  point;  and  a  faint  dia- 
coloratiou  cuuld  be  detected  even  to  1*6  mm.  from  the  apox  of 
the  root-cap. 

In  another  lot  of  six  radicles  (temp.  SS^-ST'*  P.)  the  tliree 
control  specimens  were  plainly  geotropic  in  8i  h. ;  and  after  24  )u 
the  nieau  length  of  thbir  terminal  part  had  iDcreiiwxl  from 
10  mm.  to  21  mm.  When  the  caustic  was  applied  to  the  three 
cauterised  specimens,  it  was  held  quite  motionle&s  during 
5  seconds,  and  the  result  was  that  the  black  marks  were  ex- 
tremely minute.  Therefore,  caustic  was  again  applied,  after 
8i  h.,  during  which  time  no  geotropic  action  had  occurred. 
When  tho  Rpecimens  were  re-eiamined  after  an  additional 
interval  of  15i  h.,  one  was  horizontal  and  the  other  two  showed, 
to  our  surprise,  a  trace  of  geotropism  which  in  one  of  them 
Boon  afterwards  became  strongly  marked;  but  in  this  latter 
specimen  the  discoloured  tip  was  only  }  mm.  in  length.  The 
growing  part  of  the^o  three  radicles  increased  in  2th.  from 
10  mm.  to  an  average  of  16*  5  mm. 

It  would  he  Huperntions  to  describe  in  detail  Mie  behavfoor 
of  the  10  remaining  cauterised  mdiclea  The  corresponding 
control  specimens  all  became  geotropic  in  8  h.  Of  the  cauterieetj^ 
G  were  Hrst  looked  at  after  8  h.,  and  one  aloue  showed  a  tnux 
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of  geotropiam ;  4  were  6rst  looked  ftt  after  14  h.,  and  one  nlona 
of  these  waa  elightly  geotropic  After  23-2i  h.,  5  of  the  10  were 
etiH  horizontal,  4  slightly,  and  1  decidedly,  gootropiG.  After 
48  h.  8ome  of  them  beeame  strongly  gootropic.  The  cauterised 
radicles  increuaed  grc^atly  in  length,  but  the  meosui-oments  ate 
not  worth  giving. 

As  five  of  the  lost-mentioned  cauterised  ludiclea  hod  liecome  in 
94  h.  somewhat  geotropic,  tlieae  (together  'Aith  three  which  were 
still  horizontal)  hud  their  positions  rovoreed,  so  that  their  ti]>s 
were  now  a  hltle  upturaed,  and  they  wore  again  touched  with 
cnu^tic.  After 24  h.  they  ahowed  no  trace  of  guotropisin;  whereas 
the  eight  corresponding  control  specimons,  wliich  had  like- 
wise boeu  reversed,  in  which  position  the  tips  of  several  pointed 
to  the  zenith,  all  became  geotropic ;  some  having  passed  in  the 
24  h.  through  an  angle  of  180°,  others  through  alwut  135°,  and 
others  through  only  90°.  The  eight  radiclesj  which  had  been 
twice  cautcriHod,  were  observed  for  an  additional  day  (i.e.  for  48  h. 
after  being  reversed),  and  they  still  showed  no  sigus  of  gcotro- 
pism.  Nevertheless,  they  continued  to  gr*)W  rapidly ;  four  woi^e 
xoeaBurod  24  h,  after  being  reversed,  and  they  had  in  this  time 
increased  in  length  between  8  and  11  ram.;  the  other  four  wore 
measured  48  h.  after  bi:jng  reversed,  and  these  had  increased  by 
20, 18,  23,  and  28  mm. 

In  coming  to  a  conclusion  with  respect  to  the  effects  of  cnuter- 
ising  the  tips  of  the^e  radicles,  we  should  bear  in  mind, 
firstly,  that  horizontally  extended  control  radicles  were  always 
acted  on  by  geotropiam,  and  became  somewhat  bowed  down- 
wards in  8  or  9  h. ;  secondly,  that  the  chief  seat  of  the  curvature 
lies  at  a  distance  of  from  3  to  G  mra.  from  the  tip ;  thirdly,  that 
the  tip  was  discoloured  by  the  caustic  rarely  for  more  thau 
Imm.  in  length;  fourthly,  that  the  greater  number  of  the  cau- 
terised, radicles,  although  subjected  to  the  full  influence  of 
geoLropism  during  tho  whole  time,  remained  horizontal  for  24  h., 
and  some  for  twice  as  long;  and  that  those  which  did  Ixjcome 
bowt)d  were  so  only  in  a  slight  degree;  fifthly,  that  the  cau- 
terised radicioa  continued  to  grow  almost,  and  sometimes  quite, 
as  well  as  the  uninjured  ones  along  the  part  which  bends  most. 
And  lastly,  that  a  touch  on  the  tip  with  caustJc,  if  uu  one  side, 
far  &om  preventing  curvature,  actually  induces  it  Bearing  all 
these  facta  in  mind,  we  must  infer  that  undor  normal  coiiditiouB 
the  geotropic  curvature  of  the  root  is  duo  to  an  iufluonce  traiis- 
mitted  from  the  apex  to  the  adjoiuiug  part  where  the  bending 
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takee  place;  and  that  when  the  tip  of  the  root  ie  cauieriBed  it  is 
unable  to  origiuato  ibo  stiranltis  necessary  to  produce  (^otropio 
curvature. 

Ah  wu  had  ol>served  that  grease  waa  highly  injurions  to  some 
plaiLtR,  wo  doterniiiied  to  try  its  effects  on  mdiclea.  When  the  J 
cotyledons  of  Phalaria  and  Avena  were  covered  with  greaoft^ 
along  one  Bide,  the  grt)wth  of  this  side  was  quite  stopped  or 
greatly  checked,  and  as  the  opposite  side  continued  to  grow,  the 
eotyledons  thus  troatetl  became  bowed  towardB  the  greased  side. 
This  same  matter  quickly  killed  the  delicate  bypocotyls  and 
young  leaveR  of  certain  plants.  The  grease  which  we  employe 
was  made  by  mixing  lamp-black  and  olive  oil  to  Buoh  a  oon- 
Bist<tnoe  that  it  could  be  laid  on  in  a  thick  layer.  The  tips  of 
five  radicles  of  the  bean  were  coated  with  it  for  a  length  of 
3  mm.,  and  to  our  surprise  tliis  part  increased  in  length  in  SiJ  h. 
to  7*1  mm.;  the  tliick  layer  of  grease  being  curiously  drawn 
Jut.  It  thu3  could  not  have  checked  muchj  if  at  all.  the  growth 
of  the  terminal  part  of  the  radicle.  With  respect  to  geotropism, 
the  tips  of  seven  horizontally  oxtondid  radicles  were  coated  for 
a  length  of  2  inm.,  ami  aft^r  24  h.  no  clear  difference  could  he 
perceived  betwt-cn  their  downward  curvature  and  that  of  an 
equal  number  of  control  specimens.  The  tips  of  33  other  i-adicles 
were  roato;!  on  different  oocjisions  for  a  length  of  3  mm.;  and 
they  were  compared  with  the  controls  after  8  h.»  34  h.,  and  48  h. 
On  one  occoHion,  after  24h.,  there  was  very  little  difference  in 
curvitture  boiweeii  the  greased  and  control  spocimeoa;  but 
generally  tlte  dlfTerence  was  unmistakable,  those  with  gruase4. 
tips  being  considerably  iess  ciu-ved  do^vnwards.  The  whoI«1 
growing  part  (the  greased  tips  included)  of  aix  of  these  radicles 
was  measured  and  was  found  to  have  increased  in  23  h.  from 
10  mm.  to  a  mean  length  of  17*7  mm. ;  whilst  thecorr":B|)onding 
part  of  the  controls  had  increased  to  20'8  mm.  It  appears  there* 
fore,  that  although  ttie  tip  itself,  when  greased,  continues  to 
grow,  y4!t  the  growth  of  tlie  whole  radicle  is  somewhat  checked, 
and  that  the  geotropie  curvature  of  the  upper  part,  which  was 
free  from  gi*ease,  was  in  most  oases  considerably  lessened. 

PistitH  sativvm. — Five  radicles,  extended  horizontally  over 
water,  lind  their  tips  lightly  touched  two  or  three  timaa  with  dry 
caustic.  Tha^e  tips  were  measured  in  two  cases,  and  found  to 
l>e  blackened  for  a  length  of  only  half  a  millimeter.  Five  other 
radicles  were  left  as  controls.  The  part  which  is  most  bow^l 
through  geotropism  licB  at  a  distance  of  several  millimeters  fraa 
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the  apes.  Aftor  2i  h.,  and  af^n  nftcr  32  h.  from  the  oommence- 
ment,  four  of  the  cauterised  radicles  were  still  horizoiilit],  but 
one  was  plainly  gwtropic,  being  iticlinod  at  4^°  beneath  the 
horizon.  The  five  controls  were  soraewhat  K^itropic  ofter  7  U. 
20 m.,  and  after  21h.  were  all  strouRly  gcotivpic ;  boiiig  inclitiod 
ttt  the  following  iiuglca  beneath  the  horizon,  \.7..,  59°,  GO*,  65", 
57'',  and  43°.  The  length  of  the  radicles  was  not  measured  in 
tiithur  set,  but  it  was  nuinifcBt  tliat  the  eauteri»md  radiel<:i)  had 
grown  greatly. 

The  fitlluwing  case  proves  that  the  action  of  the  caustic  by 
itself  does  not  prevent  the  ourvaturo  of  the  radicle.  Ton  rndieles 
were  extended  horizontally  on  and  beneath  a  layer  of  darap 
friable  peat-earth;  and  befoi-e  being  extwuded  their  iipa  wero 
touched  with  dry  canstic  on  Ihe  upper  side.  Ton  other  radicles 
fiimilarly  placed  were  touched  on  the  lower  side;  and  this  would 
tend  to  make  thorn  bend  from  the  cauterised  side ;  and  therefore, 
a3  now  placed,  upwards,  or  in  opfiosilion  to  gootropisra.  Lastly, 
ten  nncjintorisod  radcJes  were  extended  horizontally  as  eontrots. 
After  24  h.  all  the  latter  were  geoti-opie;  and  the  ten  with  their 
tipB  ca^itoriscd  on  the  upper  side  were  equally  geotropie;  and 
we  believe  that  they  became  curved  downwards  before  the  con- 
trols. The  ton  whieh  had  been  cauterised  on  the  lower  side 
presented  a  widely  diflfereut  appearance:  Xo.  1,  however,  was 
perpendicularly  geotropic>  but  this  was  no  real  exception,  for  on 
oxamiuation  under  the  microscope,  there  was  no  vestige  of 
a  coloured  mark  on  the  tip,  and  it  was  evident  that  by  a  mistake 
it  had  not  been  touched  with  the  caustic.  No.  2  was  plainly 
geotropic,  being  inclined  at  about  45"  beneath  the  horizon;  No.  3 
was  slightly,  and  No.  4  only  just  perceptibly  geotropio;  Nos.  5 
and  6  were  strictly  horizontal ;  and  the  four  remaining  ones  were 
bowed  upwards,  in  opposition  to  geotropism.  In  these  four 
cases  the  radius  of  the  upwiird  curvatures  (accoiding  to  Sachs' 
ryclometer)  was  5  mm.,  10  mm.,  SO  mm.,  and  70  mm.  Tliis  cur- 
vature was  distinct  long  before  the  2-4  h.  had  elapsed,  namely, 
after  8h.  45  m.  from  the  time  when  the  lower  sides  of  the  tips 
wore  touched  with  the  caustic. 

Pftaseclut  ranUijlori's. — Eight  radicleR,  serving  as  controls,  were 
extended  horizontally,  some  in  damp  ftiable  peat  and  some  in 
damp  air.  They  a1  Iwcame  (temp.  'J0'^-21°  C.)  plainly  geo- 
tropic in  8  h.  30  m.,  for  they  then  st^jod  at  an  overage  angle  of  63*^ 
beneath  the  horizon.  A  rather  greater  length  of  the  radicle  if 
bowod  downwards  bj  geotropism  than  in  the  case  of  Vicia  piba 
35 
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all  were  strongly  gcotropic,  mofit  of  them  pointing  perpcn- 
dicnlarly  downwards.  Ten  other  radicles,  similarly  placed,  had 
their  tips  touched  with  cniiatic  on  the  lower  side;  after  8  h. 
three  were  slightly  geotxopic,  but  not  nearly  so  mnch  so  as  the 
least  geotropic  of  the  foregoing  specimens ;  fooi  remaiued  hori- 
xoQtal;  and  throe  were  curved  upwards  in  opposition  to  gec^ 
tropism.  After  19  li.  the  three  which  were  slightly  gootroi)io 
had  become  strongly  so.  Of  the  four  horizontal  radiclt-s,  one 
alone  showed  a  trace  of  geotropism;  of  the  three  u}>-carTed 
radicles,  one  retained  tliis  curvature,  and  the  other  two  bad 
beeoine  horizontaL 

The  radicles  of  tills  plant,  as  already  remarked,  do  not  snccded 
well  in  damp  air,  but  the  result  of  one  trial  may  be  brieHy 
given.  Nine  young  railicles  l>etween  *3  and  '5  inch  in  leng'tlL, 
with  their  tips  cauterised  and  blnckened  for  a  length  never 
exooeding  i  mm.,  higether  with  eight  control  ppeeimcns,  were 
extended  horizontally  in  damp  air.  After  nn  interval  of  only 
4  h.  10  UL  all  the  controls  were  slightly  geotropic,  whiUt  not 
one  of  the  cauterised  epecimena  exhibilod  a  trace  of  this  action. 
After  8  h.  35  m.,  there  was  the  same  difference  between  the 
two  sets,  but  rather  more  strongly  marked.  By  this  time  both 
sets  bad  iucreosed  greatly  in  length.  The  controls,  however, 
never  Ixjcaine  much  more  curved  downwards;  and  after  24  b. 
there  was  no  groat  difference  between  the  two  sets  in  their 
degree  of  curvattire. 

Eight  young  radicles  of  nearly  equal  length  (average  "36  inch) 
were  placed  beneath  and  on  jieat-earth,  and  were  exposed  to  a 
temp,  of  7b°~lQ°  F.  Their  tips  hail  been  touched  transversely 
with  caustic,  and  five  of  them  were  lilar.kened  for  a  length  ot 
about  0'5  mm.,  whilst  the  other  thrt©  were  only  just  visibly  dis- 
roloured.  In  the  same  l>ox  thei*e  xvt-rv  15  control  radicles,  mostlj 
alwiit  -36  inch  iu  length,  but  some  rather  longer  and  older,  artd^ 
Lhereibre  less  sensitive.  After  6  h.,  the  15  conirol  radicles  we 
all  more  or  less  gtotropic  :  after  9  h-,  eight  of  them  were  bent 
down  beneath  the  horizon  at  various  angles  between  4  5°  and  90^*, 
the  remaining  seven  being  only  slightly  geotropic:  after  2j  h.  all 
were  rectangularly  gcotropic.  The  state  of  the  eight  cauterised 
rudk-les  after  the  same  intervals  of  time  was  as  follows:  after 
6  h.  one  aloue  was  slightly  geotropic,  and  this  was  one  with 
the  tip  ouly  a  very  little  dlaeoloured:  after  9  h.  the  one  just 
mentioned  was  rectangularly  geotropic,  and  two  others  wore 
slightly  80,  and  these  were  the  throe  vliich  had  been  scarcely 
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affected  by  the  oaustic;  the  other  fivo  wcro  still  Rtrictly  hori- 
xontaL  Aftor  24  h.  40  m.  the  thiTc  willi  only  slightly  discokniiTd 
tips  wcro  bent  down  rectangularly ;  the  other  five  woro  not  in 
the  least  affectod,  but  soveml  of  tlicm  had  grown  rather  tor- 
tuously, thongh  Rtill  in  a  horizontal  plane.  The  eight  cftutcns<;d 
iodides  which  liod  at  first  a  nieiu  length  of  *36  inch,  after  9  h. 
had  increased  to  a  mean  length  of  -"\)  inc-Ii;  and  after  24  li. 
40  m.  to  the  extraordinary  luoim  length  of  2  itiches.  There 
was  no  plain  difference  in  lengtli  iKJtween  the  five  well  cau- 
terised radicles  which  remained  horizontal,  and  tht"  three  with 
slightly  cauterisii'd  tips  wMch  had  become  abruptly  bant  down. 
A  few  of  the  control  radicles  wcro  meaRnrcd  after  25  h.,  and 
they  were  on  an  average  only  a  little  longer  than  the  cauterised, 
viz.,  2'19  inches.  We  thus  see  that  killing  the  extreme  tip  ot 
the  radicle  of  this  plant  for  a  length  of  about  05  mm.,  though  it 
stops  the  geotropio  iMinding  of  the  upper  part,  hardly  interferes 
with  the  growth  of  the  whole  radicle. 

In  the  same  Ijox  with  the  15  control  epecimens,  the  rapid  geo- 
tropic  bending  and  growth  of  whiuh  have  just  been  described, 
there  were  six  radicles,  about  '6  inch  in  length,  extended  hori- 
zontally, from  which  the  tips  had  been  cut  off  in  a  transverse 
direction  for  a  length  of  barely  1  mm.  These  radicles  were 
examined  after  9  h.  and  again  after  24  b.  40  m.,  and  they  all 
remained  horizontal.  They  had  not  become  nearly  so  tortuous 
as  those  above  described  which  had  been  cauterised.  The 
mdiolcs  with  their  tips  cut  off  hud  gronii  in  the  24  h.  40  m.  as 
much,  judging  by  the  eye,  as  the  cauterised  specimens. 

Zea  7niij/B. — The  tips  of  several  radicles,  exteifdcd  horizontally 
tn  damp  air,  were  dried  with  blotting-paper  and  then  touched 
in  the  first  ti-ial  duriug  2  or  3  seconds  with  dry  caustic;  but 
this  was  too  long  a  contact,  for  the  tips  were  blackened  for  a 
length  of  rather  above  1  mm.  They  showed  no  signs  of  geo- 
tropLsiu  after  au  interval  of  9  h,,  and  were  then  tlirown  away. 
In  a  second  trial  the  tips  of  three  radicles  were  touched  for  a 
shorter  time,  and  were  blackened  for  a  length  of  from  0"5  to 
■  0*70  mm. :  they  all  remained  liorizouliil  for  4  h.,  but  after  8  h. 
30  m.  one  of  them,  iii  which  the  blackened  tip  was  only  05  mm. 
in  length,  was  inclined  at  21°  beneath  the  horizon.  Six  con- 
trol radicles  all  became  slightly  geotropic  in  4  h.,  and  fttroogly 
to  after  8  b.  30  m.,  with  the  chief  sent  of  curvature  generally 
l)etween  6  or  7  mm.  from  the  apex.  In  the  amterised  Rpecimens, 
the  terminal  growing  part,  lU  mm.  in  length,  increased  duriuft 
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tike  H  h.  30  m.  to  a  meftn  leagtb  of  13  mm. ;  and  in  the  eontiolff 

to  H  3  mm. 

In  a  third  trial  the  tips  c4  fire  radicles  (exposed  to  a  temp, 
of  lif'-lV)  were  tooched  with  the  caustic  only  oooe  and  very 
slightly ;  they  were  afterwaitU  examined  under  the  microecope, 
and  the  part  which  "was  in  any  way  discoloared  was  on  an 
average  'TG  mm.  in  length.  After  4  h.  10  m.  none  were  l)ent; 
after  5  h.  45  m.,  and  again  after  23  h.  30  m.,  they  atiU  remained 
iiorizontal,  excepting  one  which  was  now  inclined  20°  beneath 
the  horizon,  'ilie  terminal  part,  10  mm.  in  length,  had  in- 
creased greatly  in  length  daring  the  23  h.  30  m.,  viz.,  to  an 
average  of  26  mm.  Four  coutn>l  radicles  became  slightly  geo- 
tropic  after  the  4  h.  10  m.,  and  plainly  so  after  the  5  h.  45  m. 
rhiiir  mean  length  after  the  23  h.  30  ra.  hod  increased  from 
10  mm.  to  31  mm.  Therefore  a  slight  canterisatioD  uf  the  tip 
checks  slightly  the  growth  of  the  whole  radicle,  and  manifestiy 
stops  the  bending  of  tliat  part  which  ought  to  bend  moAt  under 
the  influence  of  geotropism  and  which  still  oontinnee  to 
Increase  gieatly  in  length. 

Concluding  RemarTcs. — Abundant  evidence  has  now 
been  given,  showing  that  witn  various  plants  the  tip 
of  the  radicle  is  alone  sensitive  to  geotropism ;  and 
that  when  thus  excited,  it  causes  the  adjoining  parts 
to  bend.  The  exact  length  of  the  sensitive  part  seems 
to  be  somewhat  variable,  depending  in  part  ou  the  age 
of  the  radicle ;  but  the  destruction  of  a  length  of  from 
less  than  1  to  1'5  mm,  (about  x^th  of  an  inch),  in  tht 
several  species  observed,  generally  sufficed  to  prevent 
any  part  of  the  radicle  from  bending  within  24  h.,  or 
even  for  a  longer  period.  Tho  fact  of  the  tip  alone 
being  sensitive  is  so  remarkable  a  fact,  that  we  will 
hero  give  a  brief  summary  of  the  foregoing  experiments. 
The  tips  were  cut  oft'  29  horizontally  extended  radicles 
cif  Vicia  /aha,  and  with  a  few  exceptions  they  did  not 
bocomo  gootropic  in  22  or  23  h.,  whilst  unniutilated 
radicles  were  always  bowed  downwards  iu  8  or  9  h.  It 
should  be  borne  in  mind  that  the  mere  act  of  dotting 
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oflf  the  tip  of  a  horizontally  extended  ra*licle  does  not 
prevent  the  adjoining  parts  from  bendiuj^,  if  tlie  tip 
has  been  previously  exposed  for  an  hour  or  two  to  the 
intiuence  of  geotropism.  The  tip  after  amputation  ia 
sometimes  completely  regenerated  in  three  days;  and 
it  is  possible  that  it  may  be  able  to  transmit  an 
impulse  to  the  adjuiuing  parts  before  its  complete 
n'generation.  The  tips  of  six  radicles  of  Oucurhita 
ovifera  were  amputated  like  those  of  Vicia  faha ;  and 
these  radicles  showed  no  signs  of  geotropism  in  24  h. ; 
whereas  the  control  specimens  were  slightly  affected 
in  5  h.,  and  strongly  in  9  h. 

With  plants  belonging  to  six  genera,  the  tips  of  the 
radicles  were  touched  transversely  with  dry  caustic ; 
and  the  injury  thus  caused  i-arely  extended  for  a  greater 
length  than  1  mm.,  and  sometimes  to  a  less  distance,  oa 
judged  by  even  the  faintest  discoloration.  We  thought 
that  this  would  be  a  better  method  of  destroying  the 
vegetative  point  than  cutting  it  off ;  for  we  knew,  from 
many  previous  experiments  and  from  some  given  in 
the  present  chapter,  that  a  touch  with  caustic  on  one 
side  of  the  apex,  far  from  preventing  the  adjoining 
part  from  bending,  caused  it  to  bend.  In  all  the 
following  cases,  radicles  with  uncauterised  tips  were 
observed  at  the  same  time  and  under  similar  circum- 
stances, and  they  became,  in  almost  every  instance, 
plainly  bowed  downwards  in  one-half  or  one-third  of 
the  time  during  which  the  cauterised  specimens  were 
observed.  With  Vicia  /aha  li)  radicles  were  cau- 
terised; 12  remained  horizontal  during  23-24  h. ; 
6  became  slightly  and  1  strongly  geotropic.  Eight  of 
these  radicles  were  afterwards  reversed,  and  again 
touched  with  caustic,  and  none  of  them  became  geo- 
tropic in  24  h.,  whilst  the  reversed  control  specimens 
became  strongly  bowed  downwards  within  this  time. 
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With  Pisum  sativum^  five  radicles  had  their  tipa  touched 
with  caustic,  and  after  32  h.  four  were  still  horizuutal. 
The  control  specLmena  were  slightly  geotropic  in 
7  h,  20  m.,  and  strongly  so  in  24  h.  The  tips  of  9  other 
radicles  of  this  plant  were  touched  only  on  the  lower 
side,  and  6  of  thcui  remained  horizontal  for  24  h.,  or 
were  upturned  in  opposition  to  geotropism  ;  2  were 
slightly,  and  1  plainly  geotropic.  With  Phaseolu$ 
■nmUiJlorus,  15  radicles  were  cauterised,  and  8  re- 
mained horizontal  for  24  h. ;  whereas  all  the  controls 
were  plainly  geotropic  in  8  h.  30  m.  Of  5  canterised 
radicles  oi  Gosst/pium  herhaceiimy  4  remained  horizontal 
for  23  h.  and  1  became  slightly  geotropic ;  6  control 
radicles  were  distinctly  geotropic  in  7  h.  45  m.  Five 
radicles  of  Gtwurbita  ovi/tira  remained  horizontal  in 
peat-earth  during  25  h.,  and  9  remained  so  in  damp 
air  during  8^  h. ;  whilst  the  controls  became  slightly 
geotropic  in  4  h.  10  m.  The  tips  of  10  radicals  of  this 
plant  were  touched  on  their  loicer  sides,  and  6  of 
them  remained  horizontal  or  were  upturned  after  19  h., 
1  being  slightly  and  3  strongly  geotropic. 

Lastly,  the  tips  of  several  radicles  of  Vicickfaha  and 
Phaseolus  muUiJiorus  were  thickly  coated  with  grease 
for  a  length  of  3  mm.  This  matter,  which  is  highly 
injurious  to  most  plants,  did  not  kill  or  stop  the  growth 
of  the  tips,  and  only  slightly  lessened  the  rate  of 
growth  of  the  whole  radicle  ;  but  it  generally  delayed 
a  little  the  geotropic  bemling  of  the  upper  part. 

The  several  foregoing  cases  would  tell  us  nothing, 
if  the  tip  itself  was  the  part  which  became  most 
bent;  but  we  know  that  it  is  a  part  distant  from  the 
tip  by  some  milTunotei's  which  grows  qnickest,  and 
uhich,  under  the  influence  of  geotropism,  bends  most. 
We  have  no  reason  to  suppose  that  this  part  is  injured 
by  the  death  or  injury  of  the  tip ;  and  it  \a  certain 


CiiAP.  XI.     TRANSMITTED  EBTBOTB  :  CONCLUSION".    543 


that  after  the  tip  has  been  destroyed  this  part  goea  on 
growing  ut  suuh  a  rate,  that  its  length  was  often  doubled 
in  a  day.  We  Lave  also  seen  that  the  destnietion  of  tlio 
tip  does  not  prevent  the  adjoining  part  from  bending, 
il  this  part  lias  already  received  some  influence  from 
the  tip.  As  with  horizontally  extended  radicles,  of 
tthieh  the  tip  has  been  cut  off  or  destroy ed,  tho  part 
which  ought  to  bend  most  remains  motionless  for 
many  hours  or  days,  aUhougli  exposed  at  right  angles 
to  the  full  influence  of  geotropism,  we  must  conclude 
that  the  tip  alone  is  sensitive  to  this  power,  and  trana- 
mits  some  influence  or  sfcimulua  to  the  adjoining  parts, 
causing  them  to  bend.  We  have  direct  evidence  of 
such  transmission ;  for  when  a  radicle  was  left  extended 
horizontally  for  an  hour  or  an  hour  and  a  half,  by 
wh-ich  time  the  supposed  influence  will  havo  travelled 
ft  little  distance  from  the  tip,  and  the  tip  was  then 
cut  off^  the  radicle  afterwards  became  bent,  although 
placed  perpendicularly.  The  terminal  portions  of 
several  radicles  thus  treated  continued  for  some  time 
to  grow  in  the  direction  of  their  newly-acquired  cur\"a- 
ture;  for  as  they  were  destitute  of  tips,  they  were  no 
longer  acted  on  by  geotropism.  But  after  three  or 
four  days  when  new  vegetative  points  were  formed,  the 
radicles  were  again  acted  on  by  geotropism,  and  now 
they  curved  themselves  perpendicularly  downwards. 
To  see  anything  of  the  above  kind  in  the  animal 
kingdom,  we  should  have  to  suppose  that  an  animal 
whilst  lying  down  determined  to  rise  up  in  some  par- 
ticular direction  ;  and  that  after  its  head  had  been  cut 
off,  an  impulse  continued  to  travel  very  slowly  along 
the  nerves  to  the  proper  muscles  ;  so  that  after  several 
hours  tho  headless  animal  rose  up  in  the  predeter- 
mined direction. 

An  tho  tip  of  the  radicle  has  been  found  to  be  tho 
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part  wliicli  is  sensitive  to  geotropisin  in  the  members  of 
Buoii  distinct  families  as  the  Lcguminosffi,  Malvaceae 
Cucurbitaceaj  and  Gramiueie,  wo  may  infer  that  thia 
(.'liamcter  is  common  to  the  roots  of  most  seedling 
plants.  Whilst  a  root  is  penetrating  the  ground,  the 
tip  must  travel  first ;  and  we  can  see  the  advantage  of 
its  being  sensitive  to  geotropism,  as  it  Las  to  deter- 
mine the  course  of  the  whole  root.  Whenever  the  tip 
is  deflected  by  any  subterranean  obstacle,  it  will  also 
be  an  advantjige  that  a  considerable  length  of  the  root 
should  be  able  to  bend,  more  especially  as  the  tip 
itself  grows  slowly  and  bends  but  little,  so  that  the 
proper  downward  course  may  be  soon  recovered.  But 
it  appears  at  first  sight  immaterial  whether  this  were 
effected  by  the  whole  growing  part  being  sensitive  to 
geotropism,  or  by  an  influence  transmitted  exclusively 
from  the  tip.  We  should,  however,  remember  that  it 
is  the  tip  which  is  sensitive  to  the  contact  of  hard 
objects,  causing  the  radicle  to  bend  away  from  them, 
thus  guiding  it  along  the  lines  of  least  resistance  in 
the  soil.  It  is  again  the  tip  which  is  alone  sensitive, 
at  least  in  some  cases,  to  moisture,  causing  the 
radicle  to  bend  towards  its  source.  These  two  kinds 
of  sensitiveness  conquer  for  a  time  the  sensitiveness 
to  geotropism,  which,  however,  ultimately  prevails. 
Therefore,  the  three  kinds  of  sensitiveness  must  often 
come  into  antagonism  ;  first  one  jirevailing,  and  then 
another ;  and  it  would  be  an  advantage,  perhaps  a 
necessity,  for  the  interweighing  and  reconciling  oi 
these  three  kinds  of  sensitiveness,  that  they  should 
be  all  localised  in  tho  same  group  of  colls  which  have 
to  transmit  the  command  to  the  adjoining  parts  of 
the  radicle,  causing  it  to  bend  to  or  from  the  source  o( 
irritation. 
Pinal  I  y,  the  fact  of  the  tip  alone  being  sensitire  to 
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the  attraction  of  gravity  has  an  important  bearing  on 
the  theory  of  geotropism.  Authors  seem  generally  to 
look  at  the  bending  of  a  radicle  towards  the  centre  of 
the  earth,  as  the  direct  result  of  gravitation,  which  is 
believed  to  modify  the  growth  of  the  upper  or  lower 
surfaces,  in  such  a  manner  as  to  induce  curvature  in 
the  proper  direction.  But  we  now  know  that  it  is  the 
tip  alone  which  is  acted  on,  and  that  this  part  trans- 
mits some  influence  to  the  adjoining  parts,  causing 
them  to  curve  downwards.  Gravity  does  not  appear 
to  act  in  a  more  direct  manner  on  a  radicle,  than  it 
does  on  any  lowly  organised  animal,  which  movea 
awHj  when  it  feels  some  weight  or  pressure. 
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CHAPTER  Xn 

BUUMABV   AVD   CONOLUDING   BeMAIOUL 

Nftt'iro  of  tliu  cirL-umnulnting  laovcEicnt — Hiatoty  of  u  g-erniiimting 
seoA  —  Tlif  nidieln  fii^t  proti-udea  and  rircuiniiutatc-s— ltd  tip 
highly  stjnsilive — Euiergenoo  of  the  hvpocotyl  or  of  the  cpkutyl 
froui  the  ground  under  ii.e  firm  of  an  «rch— lis  ciicumatitalion 
and  thfit  of  the  tiutylLidima — The  fictdlinjj;  tlirows  uji  n  liiif-henriii*; 
8t--m— Tilt)  rtrcu:imiitttliuu  of  idl  (ho  [larla  Mf  or-iurii*  — Moditiul 
circummiUtinii— Epinasty  imd  hyponosty — Movvnienle  of  i-Umbin;: 
{ilants  -Kyt'titrupic  uiuvumenta — Movements  cxciti-il  \yy  H^ht  Hiid 
gruvitntum — Locnlist'd  »en--'itivi«ioiw  —  Keseinhlanou  betwecu  tho 
movcDieiitB  of  plants  nnd  uaimuli — The  Up  uf  the  rudiclc  aciit  like 
a  brain. 

It  may  be  usefirl  to  the  reader  if  we  briefly  sum  up 
the  chief  coiit-Lusions,  which,  as  far  as  we  can  jiuige, 
have  been  fairly  well  established  by  the  observatioDs 
given  iu  this  volume.  All  the  parts  or  organs  in 
every  plant  whilst  they  continue  to  grow,  and  some 
parts  which  are  provided  with  pulvini  after  they  have 
ceased  to  grow,  are  continually  circuuinutating.  This 
movement  commences  even  before  the  young  seedling 
has  broken  through  the  ground.  The  nattire  of  tho 
movement  and  its  causes,  as  far  as  ascertainefl,  have 
been  hriefty  described  in  the  Introdui-iion.  M'liy 
every  part  of  a  plant  whilst  it  is  growing,  and  iu  some 
cases  after  growth  has  ceased,  sbould  Jiavc  its  cells 
rendered  more  tiirgescent  and  it^  cell-walls  more 
extensile  first  on  one  side  and  then  on  another,  thus 
inducing  circumnutation,  is  not  known.  It  would 
appear  as  if  the  c-hnnges  in  the  cells  required  pcriodi 
of  rest. 
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In  some  cases,  as  with  tke  hypocotyls  of  Brassica, 
the  leaves  of  Diousea  and  the  joiuts  of  the  Graminefe, 
the  c ire umnuta ting  muvement  when  viewed  under  tlia 
microscope  is  seen  to  consist  of  innumerable  smull 
oscillationa.  The  part  under  observation  sudilenly 
jerks  forwards  for  a  length  of  '002  to  '001  of  an  inch, 
and  then  slowly  retreats  for  a  part  of  this  distance; 
after  a  few  seconds  it  again  jerks  forwards,  but  with 
many  intermissions.  The  retreating  movement  appa- 
rently is  due  to  the  elasticity  of  the  resisting  tissues. 
How  far  this  oscillatory  movement  is  general  we  do 
not  know,  as  not  many  circumnutating  plants  were 
observed  by  us  under  the  raicroscope ;  hut  no  such 
movement  could  be  detected  in  the  case  of  Drosera 
with  a  2-inch  object-glass  which  we  used.  The  ]>heno- 
meuon  is  a  remarkable  one.  The  whole  hypucotyl 
of  a  cabbage  or  the  whole  leaf  of  a  Dionaea  could  not 
jerk  forwards  unless  a  very  large  number  of  cells  on 
one  aide  were  simultaneously  affected.  Are  we  to  sup* 
pose  that  these  cells  steadily  become  more  and  more 
torgescent  on  one  side,  until  the  part  suddenly  yields 
and  bends,  iuducing  what  may  be  called  a  micro- 
scopically minute  earthquake  in  the  plant ;  or  do  the 
cells  on  one  side  suddenly  become  turgescent  in  ait 
intermittent  manner ;  each  forwanl  movement  thus 
caused  being  opposed  by  the  elasticity  of  the  tissues  ? 

Circuranutation  is  of  paramount  importance  in  the 
life  of  every  plant;  for  it  is  through  its  modification 
that  many  highly  beneficial  or  necessary  movements 
have  been  acquired.  When  light  strikes  one  aide 
of  a  plant,  or  light  changes  into  darkness,  or  when 
gravitation  acts  on  a  displaced  part,  the  plant  is 
enabled  in  some  unknown  manner  to  increase  the 
always  varying  turgescence  of  the  cells  on  one  side; 
to  that   the  ordinary  circumnutating    movement  is 
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modified,  ami  (he  part  bends  either  to  or  from  the 
exciting  cause ;  or  it  may  occupy  a  new  piisitiim,  ixa 
in  the  so-called  sleep  of  leaves.  The  influence  which 
modifies  circumnutatittn  may  he  transmitted  from  one 
\mTt  to  another.  Innate  or  const itutiunul  changes, 
indcpen.lently  of  any  external  agency,  often  modify 
the  circnmnutating;  movements  at  particolar  periods 
of  the  life  of  the  jdant.  As  circumnutation  is  uni- 
versally present,  we  can  understand  how  it  is  that 
movements  of  the  same  kind  have  been  develo]x;d  in 
the  most  distinct  members  of  the  vegetable  series. 
Hut  it  must  not  be  supposed  that  all  the  movements 
of  plants  arise  fi'om  modiiied  circumnntation ;  for,  as 
we  shall  presently  see,  there  is  reason  to  believe  that 
this  is  not  the  case. 


Having  made  these  few  preliminary  remarks,  we 
will  in  imagination  take  a  germinating  seed,  and  con- 
sider the  part  which  the  various  movements  play  in 
the  life-history  of  the  plemt.  The  first  change  is  the 
protrusion  of  the  radicle,  which  begins  at  once  to 
circiunnutate.  This  movement  is  immediately  modi- 
fied by  the  attraction  of  gravity  and  rendered  geo- 
tropic.  The  radicle,  therefore,  supposing  the  seed  to 
be  lying  on  the  surface,  c[uickly  bends  downwards,  fol- 
lowing a  more  or  leas  spiral  course,  as  was  seen  on  the 
smoked  glass-plates.  Sensitiveness  U)  gravitation  re- 
sides in  the  tip ;  and  it  is  the  tip  which  transmits 
some  influence  to  the  adjoining  parts,  cjuising  them 
to  bend.  As  soon  as  the  tip,  protected  by  the  root- 
cap,  reaches  the  ground,  it  j)enetrates  the  surface,  if 
this  be  soft  or  friable  ]  and  the  act  of  penetration  is 
apparently  aided  by  the  rocking  or  circnmnutating 
movement  of  the  whole  end  of  the  radicle.  If  the  sur- 
face is  compact,  and  cannot  easily  be  penetrated,  then 
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tlic  soed  itself,  unless  it  be  n  heavy  one,  is  displuced 
or  liftt'il  up  by  tlic  conliiinLMl  growth  and  elongation 
of  the  radicle.  But  in  a  stale  of  nature  seeds  often 
get  covered  with  earth  or  other  matter,  or  full  into 
crevices,  &c.,  and  thus  a  boiiitof  resistance  is  afforded, 
and  the  tip  cau  more  easily  penetrate  the  ground. 
But  even  with  seeds  lying  loose  on  the  surface  there 
is  another  aid  :  a  multitude  of  excessively  fine  hairs 
are  emitted  from  the  upper  part  of  the  radicle,  and 
these  attach  themselves  firmly  to  stones  or  other  ob- 
jects lying  on  the  surface,  and  can  do  so  even  to  glass ; 
and  thus  the  upper  part  is  held  down  whilst  the  tip 
presses  against  and  ptiuetrates  the  ground.  The 
attachment  of  the  root-hairs  is  effected  by  the  lique- 
faction of  the  outer  surface  of  the  cellulose  walls,  and 
by  the  subsequent  setting  hard  of  the  liquefied  matter. 
This  curious  process  probably  takes  place,  not  for 
the  sake  of  the  atta(.'hin*^ntof  the  radicles  to  superficial 
objects,  but  in  order  that  the  hairs  may  be  brought  into 
tjie  closest  contact  witli  the  particles  in  the  soil,  by 
vhich  means  they  can  absorb  the  layer  of  wattir  sur- 
rounding them,  together  with  any  dissolved  inutfer. 

After  the  tip  has  penetrated  the  ground  to  a  little 
depth,  the  increasing  thickness  of  the  radicle,  togetbei 
with  the  root-hairs,  hold  it  securely  iu  its  place ;  and 
now  the  force  exerted  by  the  longitudinal  growth  oi 
the  radicle  drives  the  tip  deeper  into  the  ground. 
This  force,  combined  with  that  due  to  transverse 
growth,  gives  to  the  radicle  the  power  of  a  we<ige. 
Even  a  growing  root  of  moderate  size,  such  as  that 
of  a  seedling  bean,  can  displace  a  weight  of  some 
pounds.  It  is  not  probublo  that  the  tip  when  buried 
in  compact  earth  can  actually  circumuulate  and  thus 
aid  its  downward  passage,  but  the  circumnutating 
movement  wili  facilitate  the  tip  entering  any  lateral 
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or  oblique  fissiiro  Iti  the  earth,  or  a  burrow  made  by 
an  eaith-wffrni  or  lurvn;  aud  it  is  ccrtuin  that  roots 
ofteu  run  down  tliD  old  burrows  of  worms.  The  tipj 
however,  in  endeavouring  to  circumnutate,  will  con- 
tinually press  against  the  earth  on  all  sides,  and  this 
cau  hardly  fail  to  be  of  the  highest  importance  to  the 
plant ;  for  we  have  seen  that  when  little  bits  of  card- 
like paper  and  of  very  thin  paper  were  cemented  on 
opposite  sides  of  the  tip,  the  whole  growing  pait  of 
the  radicle  was  excited  to  bend  away  from  the  side 
bearing  the  card  or  more  resisting  substance,  towards 
the  side  bearing  the  thin  paper.  We  may  therefore 
feel  almost  sure  that  when  the  tip  eneountera  a  stone 
or  other  obstacle  in  the  ground,  or  even  earth  more 
compact  on  one  side  than  the  other,  the  root  will  bend 
away  as  much  as  it  can  from  the  obstacle  or  the  more 
resisting  earth,  and  will  thus  follow  with  unerring 
skill  a  line  of  least  resistance. 

The  tip  is  more  sensitive  to  prolonged  contact  with 
an  object  than  to  gravitation  when  this  acts  obliquely 
on  the  radicle,  and  sometimes  even  when  it  acts  in  the 
most  fa vourablo  direction  at  right  angles  to  the  radiole. 
The  tip  was  excited  by  an  attached  bead  of  shellac, 
weighing  less  than  ijigth  of  a  grain  (033  mg.)  ;  it  is 
thorcfore  more  sensitive  than  the  moat  delicate  ten- 
dril, namely,  that  of  Passiffora  gracilis^  which  was  barely 
acted  on  by  a  bit  of  wire  weighing  j^th  of  a  grain.  But 
this  degree  of  sensitiveness  is  as  nothing  compared  with 
that  uf  the  glands  of  Drosoraj  for  these  are  excited  by 
panicles  weighing  only  j-^]~^  of  a  grain.  The  sensi- 
tivencsss  of  the  tip  cannot  be  accounted  for  by  its 
being  covered  by  a  thinner  layer  of  tissue  than  the 
other  parts,  for  it  is  protected  by  the  relatively  thick 
root>-cap.  It  is  remarkable  that  although  the  radicle 
bends  away,  when  one  side  of  the  tip  is  slightly  touched 
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with  caustic,  yet  if  the  side  be  much  cftutcrised  the 
injury  is  too  groat,  and  the  power  of  Iransmitting  BOinn 
influence  to  the  adjoining  parts  causing  them  to  bend, 
ia  lost.  Other  analogous  cases  are  known  to  occur- 
After  a  radicle  has  been  deflected  by  some  obstacle, 
geotropism  directs  the  tip  again  to  grow  perpendicu- 
larly downwards;  but  geotropism  is  a  feeble  power, 
and  here,  as  Sachs  has  shown,  another  interesting 
adaptive  movement  comes  into  play ;  for  radicles  at 
a  distance  of  a  few  millimeters  from  the  tip  are 
seusitive  to  prolonged  contact  in  such  a  manner  that 
they  bend  towards  the  touching  object,  instead  of  from 
it  as  occurs  when  an  object  touches  one  side  of  the 
tip.  Moreover,  the  curvature  thus  caused  is  abrupt; 
the  pressed  part  alone  bending.  Even  slight  pressure 
suffices,  such  as  a  bit  of  card  cemented  to  one  side. 
Therefore  a  radicle,  as  it  piss^iA  over  the  edge  of  any 
obstacle  in  the  ground,  will  tlu-ough  the  action  of  geo^ 
trupism  press  against  it ;  and  this  pressure  will  cause 
the  radicle  to  endeavour  to  bend  abruptly  over  the 
edge.  It  will  thus  recover  as  quickly  as  jwasible  its 
normal  downward  course. 

Radicles  are  also  sensitive  to  air  which  contains 
more  moisture  on  one  side  thaii  the  otht*r,  and  tliey 
bend  towards  its  source.  It  is  therefore  proliable  that 
they  are  in  like  manner  sensitive  to  dampness  in  the 
soil.  It  was  ascertained  in  several  cilsps  tliat  tliia 
sensitiveness  resides  in  the  tip»  which  transmits  an 
influence  causing  the  adjoining  upper  part  to  bend 
in  opposition  to  geotropism  towards  the  nuvist  object. 
We  may  therefore  infer  that  routs  will  be  deflected 
from  their  downward  course  towards  any  source  oi 
moisture  in  the  soil. 

Again,  most  or  all  radicles  tue  slightly  sensitive  to 
iight,  and,  according  to  Wiesncr,  generally  bend  a  liltle 
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from  it.  WJifttker  this  can  be  of  any  service  to  them 
is  very  donbtfnl^  but  with  scetU  germinating  on  tho 
aurfaco  it  will  slightly  airl  geotropism  in  directing 
the  radicles  to  tlie  grownd.*  We  ascertained  in  one 
instance  that  such  sensitiveness  resided  in  the  tip»  and 
caused  the  adjoining  jtarts  to  liend  from  the  light-. 
The  stib-aeriiil  roots  observed  by  Wiesner  were  all 
apheliotropic,  and  this,  no  donht,  is  of  nse  in  bringing 
them  into  cuntaet  with  truiika  of  trees  or  surfaces  ot 
rock,  as  is  their  habit. 

We  thus  see  that  with  seedling  plants  the  tip  of  the 
radicle  is  endowed  with  diverse  kinds  of  sensitiveness  ; 
and  that  tlic  tip  directs  the  adjoining  growing  parts 
to  bend  to  or  from  the  exciting  cause,  according  to  the 
needs  of  the  plant.  The  sides  of  the  radicle  are  also 
sensitive  to  contact,  but  in  a  widely  different  manner. 
Gravitation,  thongh  a  le&s  powerful  cause  of  move- 
ment than  the  other  above  specified  stimuli,  is  ever 
present ;  so  that  it  ultimately  prevails  and  determines 
the  downward  growth  of  the  root. 

The  primary  radicle  emits  secondary  ones  which 
project  Hub-horizontally  ;  and  these  were  observed  in 
one  case  to  circumnutate.  Their  tips  are  also  sensitive 
to  contact,  and  they  are  thus  excited  to  bend  away 
from  any  touching  object ;  so  that  they  resemble  in 
these  respects,  as  far  as  they  were  observed,  the 
primary  radicles.  If  displaced  they  resume,  as  Sachs 
liiia  shown,  their  original  sub-horizontal  position ;  and 
this  apparently  is  due  to  diageotropism.  The  secondary 
radicles  emit  tertiary  ones,  but  these,  in  the  case  of 
the  beau,  are  not  affected  by  gravitation ;  conseqiiently 
I  hoy   protrude  in   all   directions.    Thus  the  general 
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arrangement  of  the  three  orders  of  roots  is  excellently 
adapted  for  searching  the  whole  soil  for  nutriment. 

Sachs  has  shown  that  if  the  tip  of  the  primary 
radicle  is  cut  off  (and  the  tip  will  uccasionully  be 
gTiawed  off  with  seedlings  in  a  state  of  nature)  one  of 
the  secondary  radicles  grows  perpendicularly  down- 
wards, in  a  manner  wliich  is  analogous  to  the  upward 
growth  of  a  lateral  shoot  after  the  amputation  of 
the  leading  shoot  Wo  have  seen  with  radicles  of  the 
he^n  that  if  the  primary  radicle  is  merely  compresseil 
instead  of  being  cut  olf,  so  that  an  excess  of  sap  is 
directed  into  the  secondary  radicles,  their  natural  con- 
dition is  disturbed  and  they  grow  downwards.  Other 
analogous  facts  have  been  given.  As  anything  which 
disturbs  the  constitation  is  apt  to  lead  to  reversion, 
that  is,  to  the  resumption  of  a  former  character,  it 
appears  probable  that  when  secondary  radicles  grow 
downwai-ds  or  lateral  shoots  upwards,  they  revert  to 
the  primary  manner  of  growth  proper  to  radicles  and 
shoots. 

With  dicDtyk'donous  seeds,  after  the  protnision  of 
the  radicle,  the  hypocotyl  breaks  through  the  seed- 
coats;  but  if  the  cotyledons  aru  hypogean,  it  is  the 
epicotyl  which  breaks  forth.  Tliesti  urguns  are  at  fii-st 
invariably  arched,  with  the  upper  part  bent  hack 
parallel  to  the  lower;  and  they  retain  this  form  until 
they  have  risen  above  the  ground.  In  some  cases, 
however,  it  is  the  petioles  of  the  cotyledons  or  of  the 
first  true  loaves  which  break  through  the  seed-coats 
as  well  as  the  ground,  before  auy  part  of  the  stem 
protrudes;  and  then  the  petinles  are  almost  invariably 
arched.  We  have  met  with  only  one  exception,  and  that 
only  a  partial  one,  namely,  with  the  petioles  of  the  twc 
first  leaves  of  Acattihus  canddabr^um.  With  Delphinium 
Hudieaxde  the  petioles  of  the  two  cotyledons  are  com- 
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plotely  confluent,  and  they  break  through  the  grouniJ 
as  an  arch;  afterwards  the  petioles  of  the  successively 
formed  early  leaves  are  arched,  and  they  are  thus 
enabled  to  break  through  the  base  of  the  confluent 
petioles  of  the  cotyledons.  In  the  case  of  Megarrhiza, 
it  ia  the  plumule  which  breaks  as  an  arch  through  the 
tube  formed  by  the  confluence  of  the  cotyledoji- 
petioles.  With  mature  plants,  the  flower-sterna  and 
the  leaves  of  some  few  species,  and  the  rachis  ol 
several  fenis,  as  they  emerge  separately  from  the 
ground,  are  likewise  arched. 

The  fact  of  so  many  different  organs  in  plants  of 
many  kinds  breaking  through  the  ground  under  the 
form  of  an  arch»  shows  that  this  must  be  in  some 
manner  highly  important  to  them.  According  to 
Haberlandt,  the  tender  growing  apex  ia  thus  saved 
from  abrasion,  and  this  is  probably  the  true  explana- 
tion. But  as  both  legs  of  the  arch  grow,  their  power 
of  breaking  through  the  ground  will  be  much  in- 
creased as  long  as  the  tip  remains  ^^ithin  the  seed- 
coats  and  htt3  a  point  of  support.  In  the  case  of 
monocotyledons  the  plumule  or  cotyledon  is  rarely 
arched,  as  far  as  we  have  seen ;  but  this  is  the  case 
with  the  leaf-like  cotyledon  of  the  onion;  and  the 
crown  of  the  arch  is  here  strengthened  by  a  special 
protuberance.  In  the  Gramineai  the  summit  of  the 
straight,  slieath-Iilce  cotyledon  is  developed  into  a 
hard  sharp  crest,  wliich  evidently  serves  for  breaking 
through  the  earth.  With  dicotyledons  the  archiug  o( 
the  epic<ityl  or  hypocotyl  often  appears  as  if  it  merely 
resulted  from  the  manner  in  which  the  parts  ivre 
packed  within  the  seed;  but  it  ia  doubtful  whether 
this  is  the  whole  of  the  truth  in  any  case,  and  it  cer- 
tainly was  not  so  in  several  cases,  in  whii^h  the  arch- 
ing was  seen  to  commence  after  the  parts  had  whollji 
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escaped  from  the  see<l*€c>at8.  As  the  arching  occurred 
in  whatever  {vosition  the  seeds  were  placed,  it  is  no 
doubt  due  to  temporarily  increased  growth  of  tlie 
nature  of  epinasty  or  hyponasty  along  one  side  of  the 
pari, 

Aa  this  habit  of  the  hyi)ocotyl  to  arch  itself  ap])eara 
to  be  universal,  it  ia  probably  of  very  ancient  origin. 
It  is  therefore  not  surprising  that  it  should  be  in- 
herited, at  least  to  some  extent,  by  plants  having 
hypogean  cotyledons,  in  which  the  hypocotyl  is  only 
slightly  developed  and  never  protrudes  above  the 
ground,  and  in  which  the  arching  is  of  course  now 
quite  useless.  This  tendency  explains,  as  we  have 
seen,  tlie  curvature  of  the  hypocotyl  (and  the  conse- 
quent movement  of  the  radicle)  which  wns  first 
observed  by  Sachs,  and  which  we  have  often  had  to 
i-efer  to  as  Sachs'  curvature. 

The  several  foregoing  arched  organs  are  continually 
circiunnutating,  or  endeavouring  to  circumnutate,  even 
before  they  bi-eak  through  the  ground.  As  soon  as 
any  part  of  the  arch  protrudes  from  the  seed-coats  it 
is  acted  upon  by  apogeotropism,  and  both  the  legs 
bend  upwards  as  quickly  as  the  surrounding  earth  will 
permit,  until  the  arch  stands  vertically.  By  continued 
growth  it  then  forcibly  breaks  through  the  ground ; 
but  OS  it  is  continually  striving  to  circumnutate  this 
will  aid  its  emergence  in  some  slight  degree,  for  we 
know  that  a  circumnutating  hypocotyl  can  push  away 
damp  sand  on  all  sides.  As  soon  as  the  faintest  ray  of 
light  reaches  a  seedling,  heliotropism  will  guide  it 
through  any  crack  in  the  soil,  or  through  an  entangled 
mass  of  overlying  vegetation ;  for  apogeotropism  by 
itself  can  direct  the  seedling  only  blindly  upwards. 
Hence  probably  it  is  that  sensitiveness  to  light  resides 
in  the  tip  of  the  cotyledons  of  the  Graminca>,  and  in 
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the  upper  part  of  the  hypocotyls  of  at  least  some 
plants. 

As  tlie  arch  grows  upwards  the  cotyledons  areJ 
dragged  out  of  the  ground.  The  seed-coats  arc  cither 
left  behind  huried,  or  are  retained  for  a  time  still 
enclosing  the  cotyledons.  Theao  are  afterwards  ca^t 
off  merely  by  the  swelling  of  the  cotyledona.  Itut 
witli  moat  of  the  CuciirbitaceiB  there  is  a  curious 
special  contrivance  for  bursting  the  seed-coats  whilst 
heneath  llie  ground,  namely,  a  peg  at  the  base  of  the 
hyjmcotyl,  projecting  at  right  angles,  which  holds  down 
the  lower  half  of  the  secd-coata,  whilst  the  growth 
of  the  arched  part  of  the  hypocotyl  lifts  up  the  upper 
lialf,  and  thus  splits  them  in  twain.  A  somewhat 
analogous  structure  occurs  in  Mimosa padica  and  some, 
other  plants,  Boforo  the  cotyledons  are  fully  ex-^ 
panded  and  have  diverged,  the  hypocotyl  generally 
straightens  itself  by  increased  growth  along  the  con- 
cave side,  thus  reversing  the  process  which  caused 
the  arching.  Ultimately  not  a  trace  of  the  former 
curvature  ia  left,  except  in  the  ease  of  the  leaf-like 
cotyledons  of  the  onion. 

The  cotyledons  can  now  tissuuie  the  function  of 
leaves,  and  decompose  carbonic  uoid ;  they  also  yield 
up  to  other  parts  of  the  plant  the  nutriment  which 
they  often  contain.  When  they  contain  a  large  stock 
of  nutriment  they  generally  remain  buried  beneath 
the  ground,  owing  to  the  small  development  of  the 
hypocotyl;  and  thus  they  have  a  better  chance  of 
cswiping  destruction  by  animals.  From  unknown 
causes,  nutriment  is  sometimes  stored  in  the  hypocotyl 
or  in  the  radicle,  an*!  then  one  of  the  cotyledons  oti 
Uuth  become  rudimentary,  of  which  several  instances 
have  been  given.  It  is  probable  that  the  extraordi- 
nary manner  of  germination  of  Megarrhiza  Californiout 
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Jpomaea  leptojyhjlla  and  fxinduratat  ar.d  of  Quercus 
viren^,  is  connected  with  the  burying  of  the  tuber-like 
roots,  which  at  an  early  age  are  8to»:ked  with  nutri- 
ment ;  for  in  tlieae  plants  it  is  the  petioles  of  tho 
(sotyledons  whif^h  firat  protrude  from  the  seeds,  and 
they  are  then  merely  tipped  with  a  minute  radicle  and 
hypocotyl.  These  petioles  bend  down  gootropically 
like  a  root  and  penetrate  the  ground,  so  that  the  true 
root,  which  afterwards  becomes  greatly  enlarged,  is 
buried  at  some  little  depth  beneath  the  surfiice.  Gm- 
dfttions  of  structure  aro  always  interesting,  and  Asa 
Gray  informs  us  that  with  Iponwea  Jalojypa^  which 
likewise  forms  huge  tubers,  the  hypwwtyl  is  still  of 
considerable  length,  and  the  petioles  of  the  cotyledons 
are  only  moderately  elongated.  But  in  addition  to  the 
advantage  gained  by  the  concealment  of  the  nutritious 
matter  stored  within  the  tubers,  the  plumule,  at  least 
in  the  case  of  Megarrhiza,  is  protected  from  the  frosts 
of  winter  by  being  buried. 

With  many  dicotyledonous  seedlings,  as  has  lately 
been  described  by  De  Tries,  the  contraction  of  the 
parenchyma  of  the  ujijier  part  of  the  radicle  drags  the 
hypocotyl  downwards  into  the  earth;  sometimes  (it  is 
said)  until  even  the  cotyledons  are  buried.  The  hypo- 
cotyl itself  of  some  speeies  coutracts  in  a  like  manner. 
It  is  believed  that  this  burying  process  serves  to 
protect  the  seedlings  against  the  frosts  of  winter. 

Our  imaginary  seedling  is  now  mature  as  a  seedling, 
for  its  hypocotyl  is  straight  and  its  cotyledons  are 
fully  expanded.  In  this  state  the  upper  part  of  the 
hypocotyl  and  the  cotyledons  continue  for  some  time 
to  circumnutate,  generally  to  a  wide  extent  relat  vely 
to  the  size  of  the  parts,  and  at  a  rapid  rate.  But 
aeedliugs  profit  by  this  power  of  movement  only  ^hen 
it  is  modified,  especially  by  the  action  of  light  and 
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gravitation  ;  for  they  are  thus  enabled  to  more  more 
rapidly  and  to  a  greater  extent  than  can  most  maturo 
plants.  Seedlings  are  subjected  to  a  severe  straggle 
for  life,  and  it  appears  to  be  highly  important  to  them 
that  they  should  adapt  themselves  as  quickly  and  aa 
perfectly  as  possible  to  their  conditions.  Hence  also 
it  is  that  they  are  so  extremely  sensitive  to  light  and 
gravitation.  The  cotyledons  of  some  few  species  are 
sensitive  to  a  touch ;  but  it  is  probable  that  this  is 
only  an  indirect  result  of  the  foregoing  kinds  of  sen- 
sitiveness, for  there  is  no  reason  to  believe  that  they 
profit  by  moving  when  touched. 

Our  seedling  now  throws  up  a  stem  bearing  leayeSi 
and  often  branches,  all  of  which  whilst  young  are  cod- 
tinually  circumuutating.  If  we  look,  for  instance,  at  a 
great  acacia  tree,  we  may  feel  assured  that  every  one  of 
the  innumerable  growing  shoots  is  constantly  describ- 
ing small  ellipses  ;  as  is  each  petiole,  sub-petiole,  and 
leaflet.  The  latter,  as  well  as  ordinary  leaves,  gene- 
rnlly  move  up  and  down  in  nearly  the  same  vertical 
plane,  so  that  they  dest;ril>o  very  narrow  ellipses. 
Tho  flower-peduncles  are  likewise  continually  circum- 
nntating.  If  wo  could  look  beneath  the  ground,  and 
our  eyes  had  the  power  of  a  microscope,  we  should  see 
tho  tip  of  each  rootlet  endeavouring  to  sweep  small 
ellipses  or  circles,  as  far  as  the  pressure  of  the  sur- 
rounding earth  permitted.  All  this  astonishing  amount 
of  movement  has  been  going  on  year  after  year  since 
the  time  when,  as  a  seedling,  the  tree  first  emerged 
from  the  ground. 

Stems  are  sometimes  developed  into  long  nrnnera  or 
gtolons.  Thesecircumnutateina  conspicuous  manner,  and 
are  thus  aided  in  passing  between  and  over  surrounding 
obstacles.  But  whether  the  circumnutating  movement 
has  l>een  increased  for  this  special  purpose  is  doubtful. 
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We  Lhvg  now  to  consider  circumnutation  in  a 
modified  form,  as  the  source  of  several  great  classes  ol 
movement.  The  modification  may  be  determined  by 
innate  causes,  or  by  external  agencies.  Under  the  first 
ht-ud  we  see  leaves  which,  when  first  unfolded,  stand 
in  a  vertical  position,  and  gradually  bend  downwards 
oa  they  grow  older.  We  see  flower-peduncles  bendiug 
down  after  the  flower  has  withered,  and  others  rising 
up;  or  again,  stems  with  their  tips  at  first  bowed 
downwards,  so  as  to  be  hooked,  afterwards  straighten- 
ing themselves ;  and  many  other  such  cases.  These 
changes  of  position,  which  are  due  to  e|>inasty  or 
hyponasty,  occur  at  certain  periods  of  the  life  of  the 
plant,  and  are  independent  of  any  external  agency. 
They  are  eflected  not  by  a  continuous  upward  or 
downward  movement,  but  by  a  succession  of  small 
ellipses,  or  by  sigzag  lines, — that  is,  by  a  circum- 
nutating  movement  which  is  preponderant  in  some 
one  direction. 

Again,  climbing  plants  whilst  young  circumnutate 
in  the  ordinary  manner,  but  as  soon  as  the  stem 
has  grown  to  a  certain  height,  which  is  diflerent  for 
different  species,  it  elongates  rapidly,  and  now  the 
amplitude  of  the  circuranutating  movement  is  im- 
mensely increased,  evidently  to  favour  the  stem  catch- 
ing hold  of  a  support.  The  stem  also  cireumautatcs 
rather  more  e<]ually  to  all  sides  than  in  the  case  of 
non-climbing  plonts.  This  is  conspicuously  the  CAse 
with  those  (endiils  which  consist  of  modiftcd  leaves, 
as  these  sweep  wide  circles;  whilst  ordinary  leaves 
usually  circumnutate  nearly  in  the  same  vertical  plane. 
Flower-peduncltis  when  converted  into  tendrils  have 
thair  circamnutating  movement  in  like  manner  greatly 
increased. 

We  now  come  to  our  second  gronp  of  circuranu' 
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tutiiig  movements — thoso  modified  through  external 
ngencies.  The  sociiUed  sleep  or  nyctitiopic  move- 
ments of  leaves  are  determined  by  the  daily  olteniu- 
tions  of  light  and  darkness.  It  is  not  the  darkness 
wliich  excites  them  to  move,  but  the  difference  in  the 
amount  of  light  which  they  receive  during  the  day 
and  night ;  for  with  several  species,  if  the  leaves  have 
nut  been  brightly  illuminated  during  the  day,  thi-y 
«lo  not  sleep  at  night.  They  inherit,  however,  some 
tendency  to  move  at  the  proper  periods,  indepen- 
dently of  any  change  in  the  amount  of  light.  The 
mdvomenta  are  in  some  cases  extraordiuarily  complex, 
but  as  a  full  summary  has  been  given  in  the  chapter 
devoted  to  this  subject,  we  will  here  say  but  little  on 
this  head.  Leaves  and  cotyledons  assume  their  nw- 
tnrnal  position  by  two  means,  by  the  aid  of  pulvini  and 
witliout  such  aid.  In  the  former  case  the  movement 
continues  as  long  as  the  leaf  or  cotyledon  remains  in 
full  health  ;  whilst  in  the  latter  case  it  continues  nnly 
whilst  the  part  is  growing.  Cotyledons  appear  to 
sleep  in  a  larger  proportional  number  of  sixjcies  than 
do  leavos.  In  some  species,  the  leaves  sleep  and  not 
the  cotyledons  ;  in  others,  the  cotyledons  and  not  the 
leaves ;  or  both  may  sleep,  and  yet  assume  widely 
dififejont  positions  at  niglit. 

Although  the  nyctitropic  movements  of  leaves  and 
cotyledons  are  wonderfully  diversitied,  and  sometimes 
difl'er  much  in  the  species  of  the  same  genus,  yet  the 
blade  ia  always  placed  in  such  a  pasition  at  night,  that 
its  upper  surface  is  exposed  as  little  as  pti&sible  to  full 
radiation.  We  cannot  doubt  that  this  is  the  object 
gained  by  these  movements ;  and  it  has  been  proved 
that  leaves  exposed  to  a  clear  sky.  with  their  blades 
compelled  to  remain  horizontal,  suffered  much  more 
from  the  cold  than  others  which  were  allowed  to  assume 
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their  pro|)er  vertical  position.  Some  curious  TacU 
liave  Inaeu  given  under  tiiia  head,  showing  that  hori- 
zonUUy  extended  leaves  suflfered  more  at  night,  when 
the  air,  wliich  is  not  cooled  by  radiation,  was  prevented 
from  freely  circulating  beneath  tlieir  lower  surfaces; 
and  80  it  was,  when  tiie  leaves  were  allowed  to  go  to 
sleep  on  branches  which  had  been  rendered  motionless. 
In  some  specJCH  tiie  petioles  riao  up  greatly  at  nighl, 
and  the  pinnae  close  together.  The  whole  plant  is 
thus  rcudered  more  compact,  uihI  a  much  smaller 
surface  is  exposed  to  radiiiiioii. 

That  the  various  nyctitropic  moveineuts  of  leaves 
result  from  modified  circumnutatiun  has,  we  think, 
Imjcb  clearly  shown.  In  the  simplest  cases  a  leaf 
describes  a  single  large  ellipse  during  the  24  h. ;  and 
the  movement  is  so  arranged  tliat  the  blade  stands 
vertically  during  the  night,  and  reassumea  its  former 
[>osition  on  the  following  mornirig.  Tiie  course  pursued 
diflers  from  ordinary  cireumnutation  only  in  its  greater 
amplitude,  and  in  its  greater  rapidity  late  in  the 
evening  and  early  on  the  following  raoniing.  Unless 
this  movement  is  admitted  to  be  one  of  circuuuui- 
tation,  such  leaves  do  not  circumnutate  at  all,  and  this 
would  be  a  monstrous  anomaly.  In  other  cases,  leaves 
and  cotyledons  describe  seveml  vertical  ellipses  during 
the  24  h. ;  and  in  the  evening  one  of  them  is  increased 
greatly  in  amplitude  until  the  blade  stands  vertieally 
either  upwards  or  downwards.  In  this  position  it  con- 
tinues to  circumnutate  imtil  the  following  morning, 
when  it  reassumes  its  former  position.  These  move- 
ments, when  a  pulviuus  is  present,  are  often  compli- 
cated by  the  rotatitm  of  the  leaf  or  leaUet ;  and  such 
rotation  on  a  small  scale  occurs  during  ordinary  cir- 
cumnutatiou.  The  many  diagrams  showing  the  move- 
luents  of  sleeping  aud  nun-sleeping  leaves  and  coty- 
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iedons  sUoulJ  be  compared,  and  it  nill  bo  seen  that 
they  are  esseutially  ulike.  Ordinary  circiimmitation 
13  converted  into  a  nyctitropio  movement,  firstly  by  an 
increiise  in  itd  amplitude,  but  not  to  so  great  a  degree 
as  in  the  case  of  climbing  plauta,  and  soc^ondly  by  its 
being  rendered  periodic  in  relation  to  the  alterna- 
tions of  day  and  night.  But  there  is  frequently  a 
distinct  trace  of  periodicity  in  the  oircumnutating 
movements  of  non-sleeping  leaves  and  cotyledons. 
The  fact  that  nyctitropic  movements  occur  in  species 
diatributed  in  many  families  throughout  the  whole 
vascular  series,  is  intelligible,  if  they  result  from  the 
modification  of  the  universally  present  movement  of 
circumnutation  ;  otherwise  the  fact  is  inexplicable. 

In  the  seventh  chapter  we  have  given  the  case  of 
a  Porlieria,  the  leaflets  of  which  remained  closed  all 
day,  as  if  asleep,  when  the  plant  was  kept  dry,  appa- 
rently for  the  sake  of  checking  evaporation.  Some- 
thing of  the  same  kind  occurs  with  certain  Gramineie. 
At  the  close  of  this  same  chapter,  a  few  observations 
were  appended  on  what  may  be  c-alled  the  embryology 
of  leaves.  The  leaves  produced  by  young  shoots  on 
cut-down  plants  of  MeliloUis  taurica  slept  like  those  of 
a  Trifolimn,  whilst  the  leaves  on  the  older  branches 
on  the  same  plants  slept  in  a  very  different  manner, 
proper  to  the  genua  ;  and  from  the  reasons  assigned 
we  are  tempted  to  look  at  this  case  as  one  of  reversion 
to  a  farmer  nyctitropic  habit.  So  again  with  i)e«no- 
dium  ffyrans,  the  absence  of  small  lateral  leaflets  on 
very  young  plants,  makes  us  suspect  that  the  imme- 
diate progenitor  of  this  species  did  not  possess  lateral 
h^^iflots,  and  that  their  appearance  in  an  almost  rudi- 
mentary condition  at  a  somewhat  more  advanced  flg« 
is  the  result  of  reversion  to  a  trifoliate  predecessor, 
H(»wever  this  may  be,   the   rapid  circumnutating  dt 
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gyrating  movements  of  the  little  lateral  leaflets^  seem 
to  be  due  proximately  to  tlio  pulvinus,  or  organ  ot 
movement,  not  having  been  reduced  nearly  so  much 
OS  the  blade,  during  the  aaucessive  modJiieationa 
tlir^mgh  which  the  species  has  passed. 

We  now  come  to  the  highly  important  class  of 
muvemeuts  due  to  the  action  of  a  lateral  light.  When 
stems,  leaves,  or  other  organs  arc  placed,  so  that  one 
side  is  illuminated  more  brightly  than  the  other,  they 
beud  towards  the  light.  This  heliotropic  movement 
manifestly  results  from  the  modiiication  of  ordinary 
circumnutation  ;  and  every  gradation  between  the  two 
movements  coulil  be  followed.  When  the  light  was 
dim,  and  only  a  very  little  brighter  on  one  side  than 
on  the  other,  the  movement  consisted  of  a  succession 
of  ellipses,  directed  towards  the  light,  each  of  which 
approached  nearer  to  its  source  than  the  previous  one. 
Wiien  the  difference  in  the  light  on  tlie  two  sides 
was  somewiiat  gn^ter,  the  ellipses  were  drawn  out 
into  a  strongly-marked  zigzag  line,  and  when  much 
greater  the  course  became  rectilinear.  We  have 
reason  to  believe  that  changes  in  the  turgescence  ol 
the  cells  is  the  proximate  cause  of  tho  movement 
of  eireumnntation  ;  and  it  appears  that  when  a  plant 
is  unequally  ilhnniuated  on  the  tw(»  sides,  the  always 
changiug  turgescenee  is  augmented  along  one  side, 
aud  is  weakened  or  quite  arrested  along  the  other 
sides.  Increased  turgescenee  is  commonly  followed  by 
increased  growth,  so  that  a  plant  which  has  bent  itsidf 
titwards  the  light  during  the  day  would  be  fixed  in  tlus 
position  were  it  nut  for  apogeotropiam  acting  during 
the  night.  But  parts  provided  with  pulvini  bend,  as 
rfeffer  has  shown,  towards  the  light ;  and  here  growth 
does  not  come  into  play  any  mora  than  in  the  ordinai*y 
'eircumnutating  movements  of  pulvini. 
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Helit>trt>pism  provaila  widely  tliroughoiit  the  vegc- 
tuble  kingdom,  but  whenever,  from  the  changed  habita 
of  life  of  auy  plant,  such  movements  become  injurious 
or  useless,  the  tendency  is  easily  eliminated,  as  we  see 
with  climbing  aud  insectivorous  plants. 

Apheliotropic  movements  are  comparatively  rare  in 
a  well-marked  deforce,  excepting  with  sub-aerial  roots, 
la  the  two  cases  investigated  by  us,  the  nidvement 
certainly  consisted  of  moditied  ci re uni nutation. 

The  position  which  leaves  and  cotyledons  occupy 
during  the  day,  namely,  more  or  less  transversely  U) 
the  direction  of  the  light,  is  due,  according  to  Frnuk, 
to  what  we  call  diaheliotropism.  As  all  leaves  and 
cotyledons  are  continually  circumnutating,  there  can 
hardly  be  a  doubt  that  diaheliotropism  results  from 
modified  circumautation.  From  the  fact  of  leaves  and 
cotyledons  frequently  rising  a  little  in  the  evening,  it 
appears  as  if  diaheliotropism  had  to  conquer  during 
the  middle  of  the  day  a  widely  prevalent  tendency  to 
apogeotropism. 

Lastly,  the  leaflets  and  cotyledons  of  some  plants 
are  known  to  be  injured  by  too  much  light ;  and  when 
the  sun  shines  brightly  on  them,  they  move  upwards 
or  downwards,  or  twist  lat<;raUy,  so  that  they  direct 
their  edges  towards  the  light,  and  thus  they  escape 
being  injured.  These  paraheliotropic  movements  cer- 
tainly consisted  in  one  case  of  modified  circumnuta- 
tion ;  and  so  it  probably  is  in  all  cases,  fox  the  leaves 
of  all  the  species  described  circumnutate  in  a  con- 
spicuous manner.  This  movement  has  hitherto  been 
observed  only  with  leaflets  provided  with  pulvini,  in 
wliich  the  increased  tiurgescence  on  opposite  sides  is 
not  followed  by  growth ;  aud  wo  can  understand  why 
this  shoidd  be  so,  as  the  movement  is  required  only 
for  a  temporary  purpose.     It  would  manifestly  be  dia- 
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advantjigoous  for  the  leaf  to  be  fixed  by  growth  in  its 
inclined  position.  For  it  has  to  assume  its  fonner 
horizontal  position,  lis  soon  as  possible  after  the  snn 
has  ceased  shining  tOfi  brightly  on  it. 

The  extreme  sensitiveness  of  certain  seedlings  to 
L*ght,  as  shown  in  onr  ninth  chapter,  is  highly  remark- 
able. The  cotyledons  of  Phalaria  became  curved 
towards  a  distant  lamp,  which  emitted  so  little  light, 
that  a  pencil  held  vertioally  close  to  the  plants,  did 
not  cast  any  shadow  which  the  eye  could  perceive 
on  a  white  card.  These  cotyledons,  therefore,  were 
affected  by  a  diftLTfence  in  he  amount  of  light  on  their 
two  sides,  whiclk  the  eye  could  not  distinguish.  Tlie 
degree  of  their  curvature  within  a  given  time  towards 
a  lateral  light  did  not  correspond  at  all  strictly  with 
the  amount  of  light  which  they  received ;  the  light 
not  being  at  any  time  in  excess.  They  continued  for 
nearly  half  an  hour  to  bend  towards  a  lateral  light, 
after  it  had  been  extinguished.  They  bend  with 
remarkable  precision  towards  it,  and  this  depends  on 
the  illumination  of  one  whole  side,  or  on  the  ol>scura- 
tion  of  the  whole  opposite  side.  The  difference  in  the 
amount  of  light  which  plants  at  any  time  receive  in 
comparison  with  what  they  have  shortly  before  re- 
ceived, seems  in  all  cases  to  bo  the  chief  exciting  cause 
of  those  movements -which  are  influenced  by  light. 
Thus  seedlings  brought  out  of  darkness  bend  towards 
a  dim  lateral  light,  sooner  than  others  which  bad  pre- 
viously been  exposed  to  daylight.  We  liave  seen 
several  analogous  cases  with  the  nyctitropie  move- 
ments of  leaves.  A  striking  instance  was  observed  in 
the  case  of  the  periodic  movements  of  the  cotyledons 
of  a  Cassia ;  in  the  morning  a  pot  was  placed  in  an 
obscure  part  of  a  room,  and  all  the  cotyledons  rose  up 
C!losed  ;  another  pot  had  stood  in  the  sunlight,  and 
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the  cotyledouri  of  course  remained  expanded ;  both 
pota  were  now  placed  close  together  in  the  middle  of 
the  room,  and  the  cotyledons  which  had  been  exposed 
to  the  sun,  ininiediat^ly  began  to  close,  while  tho 
others  opened  ;  so  that  the  cotyledons  in  the  two  pots 
moved  in  exactly  opposite  directions  whilst  exposed 
to  the  samG  degree  of  light. 

We  tbtind  that  if  seedlings,  kept  in  a  dark  place, 
were  laterally  illuminated  by  a  small  wax  taper  for 
only  two  or  three  minutes  at  intervals  of  about  three- 
quarters  of  an  hour,  they  all  became  bowed  to  th© 
point  wliere  the  taper  had  been  held.  We  felt  much 
surprised  at  this  fact,  and  until  we  had  read  Wiesner'a 
observations,  wo  attributed  it  to  the  after-effects  of 
the  light;  but  he  has  shown  that  the  same  degree 
of  curvature  in  a  plant  may  be  induced  in  the 
course  of  an  hour  by  several  internipted  illuminu- 
tioua  lasting  altogether  for  20  m.,  as  by  a  continuous 
illumination  of  60  m.  We  believe  that  this  case, 
as  well  as  our  own,  may  be  explained  by  the  ex- 
citement from  light  being  due  not  8<j  much  to  its 
actual  amount,  as  to  the  di^creneo  in  amount  fn>m 
that  previously  received ;  and  in  our  ease  there  were 
repeated  alternations  from  complete  darkness  to  light. 
In  this,  and  in  several  of  the  above  speciiied  respects, 
light  ijeems  to  act  on  the  tissues  of  plants,  almost  in 
the  same  manner  as  it  does  on  the  nervous  system 
of  animals. 

There  is  a  much  more  striking  analogy  of  the  fc^nio 
kind,  in  the  sensitiveness  to  light  being  localised  in 
the  tips  of  the  cotyledons  of  Phalaris  and  Avena,  and 
in  the  upper  j)art  of  the  hypocotyls  of  Brassica  and 
heiii ;  and  in  the  transmission  of  some  influence  from 
these  upper  to  the  l<»wer  parts,  causing  the  latter  to 
bend  towards  the  light.     This  influence  is  also  trans- 


Cbak  xn. 


COXCKUDIXG   EKMARKa 


567 


mitted  beneath  the  soil  to  a  denth  where  no  light 
tntere.  It  follows  from  this  localisation,  that  the 
lower  parts  of  the  cotyledons  of  Phalaris,  &c.,  which 
normally  become  more  bent  toAvarda  a.  lateral  light 
than  the  upper  parts,  may  bo  brightly  illnminaled 
during  many  hours,  au'l  will  not  bend  in  the  least,  if 
all  light  be  excluded  from  the  tip.  It  is  an  interest- 
ing experiment  to  place  caps  over  the  tips  of  the 
cotyledons  of  Phalaris,  and  to  allow  a  very  little  light 
to  enter  through  minute  orifices  on  one  side  of  the 
caps,  for  the  lower  part  of  the  cotyledons  will  then 
bend  to  this  side,  and  not  to  the  side  which  has  been 
brightly  illumiuatetl  during  the  whole  time.  In  the 
case  of  the  radicles  of  Sinapis  alhay  sensitiveness  to 
light  also  resides  in  the  tip,  which,  when  laterally 
illuminated,  causes  the  adjoining  part  of  the  root  to 
bend  apheliotropically. 

Gravitation  excites  plants  to  bend  away  from  the 
centre  of  the  earth,  or  towards  it,  or  to  place  thera- 
selvea  in  a  transverse  position  with  respect  to  it. 
Although  it  is  impossible  to  modify  in  any  direct 
manner  the  attraction  of  gravity,  yet  its  influence 
could  be  moderated  indirectly,  in  the  several  ways 
described  in  the  tenth  chapter;  and  under  such 
circumstances  the  same  kind  of  evidence  as  that  given 
in  the  chapter  on  Heliotropism,  showed  in  the  plainest 
manner  that  apogeotropic  and  geotropic,  and  probably 
diageotropie  movements,  are  all  modified  forms  of 
circumnutation. 

Difierent  parts  of  the  same  plant  and  different 
species  are  aflected  by  gravitation  in  widely  diflFerent 
degrees  and  manners.  Some  plants  and  organs  exhibit 
hardly  a  trace  of  its  action.  Young  seedlings  which, 
as  we  know,  circumnutate  rapidly,  are  eminently  sensi- 
tive ;  and  we  have  seen  the  hypocotyl  of  Beta  bending 
87 
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apwarda  through  lOS"  in  3  h.  8  m.  The  after-effects 
of  apogeotropism  last  for  above  half  an  hour ;  and 
horizontally-laid  hypocotyls  are  sometimes  thus  car- 
rie<l  temporarily  beyond  an  upright  position.  Tb© 
benefits  derived  from  geotropism,  apogeotropism,  and 
diageotropism,  are  generally  so  manifest  that  they 
need  not  be  specified.  With  the  flower-peduncles  of 
Oralis,  epinasty  causes  them  to  bend  down,  so  thnt 
the  ripening  pods  may  be  protected  by  tlie  caJyx 
from  the  rain.  Afterwards  they  are  carried  upwards 
by  apogeotropism  in  combination  \vith  hyponaaty,  and 
are  thus  enabled  to  scatter  their  seeds  over  a  wider 
space.  The  capsules  and  flower-heads  of  some  plants 
are  bowed  downwards  through  geotropism,  and  they 
then  bury  themselves  in  the  earth  for  the  protection 
and  slow  maturation  of  the  seeds.  This  burying 
process  is  much  facilitated  by  the  rocking  movement 
due  to  circumnutation. 

In  the  case  of  the  radicles  of  several,  probably  of  all 
seedling  plants,  sensitiveness  to  gravitation  ia  confined 
to  the  tip,  which  transmits  an  influence  to  the  adjoining 
npper  part,  causing  it  to  bend  towards  the  centre  of 
the  earth.  That  there  is  transmission  of  this  kind  was 
proved  in  an  interesting  manner  when  horizontally 
extended  radicles  of  the  bean  were  exposed  to  the 
attraction  of  gravity  for  1  or  Ij^  h.,  and  their  tips  were 
then  amputated.  AVithin  this  time  no  trace  of  curva- 
ture was  exhibited,  and  the  radicles  were  now  placed 
poititing  vertically  downwards ;  but  an  influence  had 
already  been  transmitted  from  the  tip  to  the  adjoining 
part,  for  it  soon  became  bent  to  one  side,  in  the  same 
manner  as  would  have  occurred  had  the  radicle 
remained  horizontal  and  been  still  acted  on  by  geo- 
tropism. Kadicles  thus  treated  continued  to  grow  out 
horizontally  for  two  or  three  days,  until  a  new  tip  was 
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reformed ;  and  this  was  then  acted  on  by  geotropisnij 
and  the  radicle  became  curved  perpendicularly  down 
ward  8, 


It  has  now  been  shown  that  the  folloiving  tmportanl 
classes  of  moveiiieat  all  arise  from  modified  circum- 
uutation,  which  is  omnipresent  wliilst  growth  lasts, 
and  iil'ter  growth  has  ceased,  whenever  pulvini  are 
present.  These  classes  of  movement  consist  of  those 
due  to  epinasty  and  hyponaaty,— those  proper  to 
climbing  plants,  commonly  called  revolving  nutation, 
— the  nyctitropic  or  sleep  movements  of  leaves  and 
cotyledons, — and  the  two  immense  classes  of  move- 
ment excited  by  light  and  gravitation.  When  wG 
speak  of  modified  circunmutation  we  mean  that  light, 
or  the  alternations  of  light  and  darkness,  gravitation, 
slight  pressure  or  other  irritants,  and  certain  innate 
or  constitutional  states  of  the  plant,  do  not  directly 
cau&e  the  movement ;  they  merely  lead  to  a  tempo- 
rary increase  or  diminution  of  those  spontaneous 
changes  in  tlie  turgescence  of  tlio  cells  which  are 
already  in  progress.  In  what  manner,  light,  gravita- 
tion, A'c.,  act  on  the  cells  is  not  known ;  and  we 
will  here  only  remark  that,  if  any  stimulus  affected 
the  cells  in  such  a  manner  as  to  cause  some  slight 
tendency  in  the  affected  part  to  bend  in  a  beneficial 
manner,  this  tendency  might  easily  be  increased 
through  the  preservation  of  the  more  sensitive  indi- 
viduals. But  if  such  bending  were  injurious,  the 
tendency  would  he  eliminated  unless  it  was  over- 
poweringly  strong;  for  we  know  how  commonly  all 
characters  in  all  organisms  vary.  Nor  can  we  see  any 
reason  to  doubt,  that  after  the  complete  elimination  oi 
a  tendency  to  bc-nd  in  some  one  direction  under  <r 
certain   stimulus,  the   power  to  bend  in   a   directly 
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apposite  direction  might  gradually  be  acquired  through 
uattiral  selection.' 

Although  80  nmnj  movements  have  arisen  through 
modified  cijcummrtation,  there  are  others  wliich 
appear  to  have  had  a  quito  independent  origin ;  but 
they  do  not  form  such  largo  aud  important  classes. 
When  a  leaf  of  a  Mimosa  is  towched  it  suddenly 
assumes  the  same  position  as  when  asleep,  but  Brucko 
has  shown  that  this  movement  results  from  a  different 
stiite  of  turgcsccnce  in  the  cells  from  that  which 
occars  during  sleep  ;  and  as  Bleep-movements  are  cer- 
tainly due  to  modified  circumuututionj  those  from  a 
touch  con  hardly  he  thus  due.  The  back  of  a  loaf  of 
Drosera  rotundi/oUa  was  cemented  to  the  summit  of 
a  stick  driven  into  the  ground,  so  that  it  could  not 
move  in  the  least,  aud  a  tentacle  was  observed  during 
many  hooxs  under  the  microscope;  but  it  exhibited 
DO  circumnutating  movement,  yet  after  being  mo- 
mentarily touched  with  a  bit  of  raw  meat,  its  basal 
part  began  to  curve  in  23  seconds.  This  curving 
movement  therefore  could  not  have  resulted  from 
mollified  circuranutation.  But  when  a  small  object, 
such  as  a  fragment  of  ft  bristle,  was  placed  on  one  side 
of  the  tip  of  a  radicle,  which  wo  know  is  continually 
circumnutating,  the  induced  curvature  was  so  similar 
to  the  movement  caused  by  geotropism,  that  wo  can 
hardly  doubt  that  it  is  due  to  modified  circumnu- 
tation.  A  flower  of  a  Mahonia  was  cemented  to  a 
stick,  and  the  stamens  exhibited  no  signs  of  circum- 
nutation  under  the  microscope,  yet  when  they  wero 
lightly  touched  they  suddenly  moved  towanls  the  pistil. 
Lastly,  the  curling  of  the  extremity  of  a  tendril  when 


•  Seo  the  rfmarka  In  Frank's 
Dio  wn^erecbto  Itlolktung  tch 
Plluuzeiitln:iluQ '    '1870,  pp.  90, 


91,  ko.).  on  natural   sclectioa  io 

connection  wltti  geotrupitm.  lieLio 
trt^piftjii,  &0, 


Ofur.  XIL 


CONCLUDING   REMARKa 


671 


touched  seemg  to  be  independent  of  its  revolving  oi 
circiimnutatiiig  movement.  Tliis  is  best  sbown  by  tha 
part  which  is  the  most  sensitive  to  contact,  circnm- 
uututing  much  less  than  the  lower  parts,  or  apparently 
not  at  all.* 

^Mthongh  in  these  cases  we  have  no  reason  to 
believe  that  the  movement  depends  on  modified  cir- 
cumnutation,  as  with  the  aeveml  classes  of  movement 
described  In  this  volume,  yet  the  difference  between 
the  two  seta  of  cases  may  not  be  so  great  as  it  at 
lirst  appears.  In  the  one  aet<,  an  irritant  causes  an 
increase  or  diminution  in  the  turgescence  of  the  cells, 
which  are  already  in  a  state  of  change;  whilst  in  the 
other  set,  the  irritant  first  st^irta  a  similar  change  in 
their  state  of  turgescenee.  Why  a  touch,  slight 
pressure  or  any  other  irritant,  such  as  electricity,  heat, 
or  the  absorption  of  animal  matter,  should  modify  the 
turgescencc  of  the  affected  cells  in  such  a  manner  as  to 
cause  movement,  we  do  not  know.  But  a  touch  acts  in 
this  manner  so  often,  and  ou  such  widely  distinct  plants, 
that  the  tendency  seems  to  be  a  very  general  one ;  and 
if  beneficial,  it  might  be  increased  to  any  extent  In 
other  cases,  a  touch  produces  a  very  different  effect, 
as  with  Is'itelia,  in  which  tho  protoplasm  may  be  seen 
to  recede  from  the  walls  of  the  cell ;  in  Lactuca,  in 
which  a  milky  fluid  exudes;  and  in  the  tendrils  of 
certain  Vitaccie,  Cucurbitacco!,  and  Bignoniacea3,  in 
which  slight  pressure  causes  a  cellular  outgrowth. 

FiuuUy,  it  is  impossible  not  to  be  struck  with  the 
reaerahlance  between  the  foregoing  movements  of 
plants  and  many  of  the  actions  performed  iiucon- 
sciously   by   the    lower  animals.t      With  plants  an 
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mtaaithia^j  anail  ttraniwr  wflifwi ;  and  eroi  vith 
dfied  pluti  one  my  be  Ing^ly  fleBsHxre  to  the 
iiighlest  oontiimed  ^mame,  snd  another  h^hly  aeBO- 
iWii  tot  nlij^ht  nmmnntiijtnnfli  Tbeh«littof  norii^ 
at  certain  pariods  is  inherited  both  by  pknta  end 
««ny— W ;  and  screral  other  pointe  of  amilitnde  hsTe 
been  wpea&ed.  Bat  the  most  striking  resembUnoe  is 
thelocelisstion  of  theb  seMititeaesi^  and  the  tiarwiis- 
auo  of  aa  inflnenee  from  the  excited  part  to  another 
which  eonseqnentl J  moTes.  Yet  pbnts  do  not  of  oomae 
poawM  nerves  or  a  central  nerroos  system ;  and  «e 
may  infer  that  with  anin*^  sach  stractures  serve  only 
ten  the  more  pezfect  transmission  of  impressions,  anil 
for  the  more  complete  intercommoiiication  of  the 
several  parts. 

We  believe  that  there  is  no  stmctnre  in  plants  more 
wonderful,  aa  far  as  its  functions  are  concerned,  thou 
the  tip  of  the  radicle.  If  the  tip  be  lightly  presse*! 
or  burnt  or  cut,  it  transmits  an  infiaence  to  the  npper 
adjoining  part,  causing  it  to  bend  away  from  the 
affected  side;  and,  what  is  more  surprising,  the  Hp 
can  distinguish  between  a  slightly  harder  and  softer 
object,  by  which  it  is  simultaneously  pressed  on  oppo- 
site sides.  If,  however,  the  radicle  is  pressed  by  a 
similar  object  a  little  above  the  tip,  the  pressed  putt 
does  not  transmit  any  influence  to  the  more  distant 
parts,  but  bends  abruptly  towards  the  object.  If  the 
tip  perceives  the  air  to  be  moister  on  one  side  than 
on  the  other,  it  likewise  transmits  an  influence  to  the 
upper  adjoining  part,  wliich  bends  towards  the  source 
of  moisture.    When  the  tip  is  excited  by  light  (though 
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in  the  case  of  radicles  this  was  ascertained  in  only  a 
single  instance)  the  adjuiniag  part  bend8  from  the 
light ;  Lut  when  excited  by  gravitation  the  same  part 
bends  towards  the  centre  of  gravity.  In  almost  every 
case  we  can  clearly  perceive  the  final  purpose  or  advan- 
tage of  the  several  movements.  Two,  or  perhaps  more, 
of  the  exciting  causes  often  act  simultaneously  on  the 
tip,  and  one  conquers  the  other,  no  doubt  in  accord- 
ance with  its  importance  for  the  life  of  the  plant. 
The  coui-se  pursued  by  the  radicle  in  penetrating  tho 
ground  must  be  determined  by  the  tip;  hence  it 
has  acquired  such  diverse  kinds  of  sensitiveness.  It 
is  hardly  an  exaggeration  to  say  that  tho  tip  of  the 
radicle  thus  endowed,  and  having  the  power  of 
directing  the  movements  of  the  adjoining  parts,  acts 
like  the  brain  of  one  of  the  lower  animals;  the  brain 
being  seated  within  the  anterior  end  of  the  body, 
receiving  impressions  from  the  sense-organs,  aad 
directing  tho  several  movementa. 


INDEX. 


ABIES. 


diite*  eommunit,  effect  of  killing  or 

iojuring  the  leading  shoot.  187 
——  pectinata,  effect  of  killing  or 

injurtDg  the  lemlin^  shoot,  187 
— ,  affected  by  ^cidinm  elatinum, 

188 
Jhronia  mmbeUata,  its  single,  dere- 

loped  eotyledon,  78 
— ,  mdimeiitary  cotyledon,  95 
— — ,  rupture  of  tlie  seed  coats,  105 
AbutQon  Danoinii,  sleep  of  leaves 

and  not  of  cotyledcma,  314 
,  nocturnal  movement  of  leaves, 

323 
Acacia  Farneeiana^  state  of  plant 

wlien  aviike  and  asleep,  381,  382 

,  appearance  at  niglit,  395 

^— ,     nyetitropio    movements    of 

pinnffi,  402 
— ,  the  axes  of  the  ellipses,  404 

lophanlha,  character  of  first 

lenf,  415 

retinoideB,  circumimtation  of 

jounj^  phyllode,  236 
Acanihosicyos    horrida,    uoetamal 

movement  of  cotyledon  304 
AcanihuB  eaiidelabrum,  inetiuulity  in 

the  two  first  leaves,  79 
,  petiules  not  arched,  553 

Iatif<>liu8,  variability  in  first 

leaves,  79 

— —  moUia,  seedling,  manner  of 
breaking  through  the  ground, 
78,  79 

— ,  eircamnutation  of  young  leaf, 
249,  269 

$pin08u»,  79 

,  movement  of  Kavcs,  249 


AMPHIOABItKjL 

Adenanthera    paronia,    njrctftropk 

movements  of  leaflete,  374 
^cidium  datinum,  effect  on  the 

lateral  branches  of  the  silver  fir 

188 
^IbcuIus  kipfocatianum,  movementa 

of  radicle,  28,  29 
,  sensitiveness  of  apex  of  radicle, 

172-174 
Albizzia  lophaniha,  nyctitropie  more- 

mentB  of  leaflets,  383 

,  of  pinme,  402 

Allium  cepa,  conical  protuberance 

on  arched  cotyl^oa,  59 
,  circumnutation  of  basal  half 

of  arched  eoiyledon,  60 
,  mode  of   breaking  through 

ground,  87 

,  straightening  process,  101 

porrum,  movements  of  fiower- 

stems,  226 
Alopeeura$  prdtenaiB,  jointd  affectid 

by  apt^cotropism,  503 
Aloysia  citriodimif  circumuatation 

of  stem,  210 
Amaranthug,  slet-p  of  leaves  387 
cawlatufij  noctural  movement 

of  cotyledons,  307 
Amorpka  /rulicosoy  sleep  of  leaflets, 

35i 
Ampelopii$  triaupidata,  hyponastie 

movement  of  hooked  tips,  272- 

275 
Amphicarpaa  monoina^  circumnuta- 
tion and  nyctitropic  moveuienta 

of  leaves,  365 
,  effect  of  sunshine  on  leaflet^ 

445 
,    geotropio     movements     oC 

520 


INDEX 


575 


ASOVX. 

Anoda  Trr£^A<t7,  sleep  of  cotyledons, 
302,312 

.  of  leaves,  82-1 

,  downward  movement  of  coty- 

ledou  j,  444 

Aplieliotropism,  or  negative  helio- 
tropism,  5,  410,  432 

Apios  graveolen$,  heliotropio  move- 
ments of  hypooolyl,  4'22-424 

—  tuherosa,  vertical  sinking  of 
leaflets  at  night,  868 

Apium  graceolens,  sleep  of  cotyle- 
dons, 305 

— — ,  peiroKelinumt  sleep  of  cotyle- 
dotis,  301 

A^geotropic  movements  eflftcted  by 
jiiints  or  pulvini,  502 

Apogeotropidm,  5,  494 ;  retarded  by 
heliotropism,  501 ;  cont-luding  re- 
marks on.  507 

Arachit  hypogoea,  circumnutatton  of 
gynophure,  225 

•^— ,  effecta  of  rad  ation  on  leavi  s, 
289,  29.> 

— — ,  movements  of  leaves,  357 

,  nite  of  movement,  404 

,  oircumnut ation  of  verrically 

dependent  young  gynopliores,  519 

—  ■  ' ,  downward  movement  of  the 
same,  519 

Arching  of  various  organs,  impo»- 
tance  of,  to  seedling  plants,  87, 
88 ;  emergence  of  Jiypocotyla  or 
epicotyls  in  Ihe  form  of  an,  553 

Asparagus  ojicinnlie,  circumuuta- 
tion  of  plumule;^,  60-02. 

,  eflfeut  of  lateral  light,  484 

Asplenium  triihomanea,  movement 
in  the  fruiting  fi-oiide,  257,  n. 

Aetragalus  uUginoaug,  movement  of 
leatli:tfi,  355 

Accna  saliva,  movtment  of  cotyle- 
don.-', 65,  06. 

——,  sensitiveness  of  tip  of  radicle 
to  moist  air,  183 

,  heliotropio  movempntandcir- 

cnmnntatiou  of  cotyledon,  421,  ^22 

,  sensitiveneBS  of  cotyledon  to  a 

lateral  li-ht,  477 

— — ,  yimng  sheath-liko  cotyledons 
strongly  apogeotropic  499 


BRASSICA. 

Avena  sativa^  movements  of  oldisli 

ootyledone,  499,  500 
Averrhoa  bili'TrAi,  leaf  asleep,  330 
,    angular    movemeuts   whe  q 

going  to  sluep,  331-335 
,   leaflets  exposed    to    bright 

sunshine,  447 
Azalea  Indica,   circumuutalion   d 

stem,  203 


B. 

Bary,  de,  on  the  efleot  of  the  .^(.i* 
dinm  on  the  silver  fir,  188 

Batiilin,  Piof,  on  the  nyctitropic 
movements  of  leaves,  2>j3  ;  on  tJie 
sleep  of  leaves  of  Sida  nopceOt 
322 ;  on  Fofygonum  actcu/ar«, 
387 ;  on  the  effect  of  tunshine  on 
leaflets  of  Oxalis  acetoseUa,  447 

Baukinia,  nyctitropic  movenienta, 
873 

,  movementsof  petioles  of  young 

EceillingB,  4Q1 

,  appearance  of  young  plants 

at  night,  402 

Beta  vulgaris,  circumnufation  of 
hypocotyl  of  seedlings,  52 

,  movements  of  cotyledon*',  52, 

53 

,  effect  of  light,  124 

,  nocturnal  movetneut  of  coty- 
ledons, 307 

,   heliotropio    movements    of, 

420 

,  tmn^mitted  iffect  of  light  on 

hypocotyl,  482 

— — ,  apogeoti  opic  movement  of 
hypocotyl,  496 

Bignonia  capredatat  npheliotropic 
movement  of  tendrils,  432,  45ii 

Bourbe  on  MtUdeuca  ericop/olia 
383 

Braaeica  napus,  circumnutation  ol 
fluwer-Btems  226 

Brass'ca  oltracea,  oircumnutatiOK 
of  teedliiig,  10 

,  of  radicle.  11 

,  geotropic  movement  of  radicle 

U 


^^^^^^^^^                          ^^^^^1 

^^K                                                 ABIES, 

AiifuKAnnsx. 

^^^v 

Adenanlhera    pavnnin,   nyetftropie 

iiioveiiiuiits  of  luallete,  ^71 

^^^r            AUet  eomtnunt'i,  efl*['ot  of  billing  or 

^eidium   eltitinumj   effect  .m   tl>e 

^^H                 injuring  Iho  i(ading  sbuot.  187 

lateral  brftnches  of  tho  Bilvur  fir 

^^^H pecfinala,  t  ITcct  af  tiilliii^  or 

186 

^^H                  injuring  tlie  leniUii);  ijhfxit,  187 

,$}6(^uhu  Kipi  oaaatamun,  movemeDta 

^^H            ,  niTicte*!  by  ^cidiuin  platinum. 

of  nidick*,  28,  20 

^H 

— -,Hei]sitiveiie«8ofapex  ofradiole. 

^^H            Abrojtia  wnlcUakif  ita  sioglc.  dt-re- 

172-174 

^^H                 loped  cotyledon,  78 

AlbiztialophanVia,  nyclitropxttncmh 

^^H             ,  rudiniRiitary  oatyledon,  95 

mentA  of  l-jnllet^  il83 

^^H                     -,  riipttiru  i)f  the  seed  {?oaLii,  105 

■ — -,  of  pinoDB,  402 

^^^1             AlmtUon  Darwinii,  ^leep  of  leaves 

AilliHm   cepa,  coQJctl   prutul>eranc« 

^^H               and  Hot  of  cutyledniia,  314 

on  »rc}ied  cotyluilon,  59 

^^H            • .nootorual  moTement  of  leaves. 

,  rirnuinniiliitiiin  of  bual  Imll 

^H               »23 

of  archeil  ootrledon.  60 

^^H             Acaria  FarneHanat  stiitc  of  plant 

,   mode   of    breaking  tbrongb 

^^H                 wlit-n  nwitke  and  oalecp,  381,  332 

ground,  87 

^^H              ,  appeamnco  iit  iiiglit,  Sd5 

,  fitmighteuiog  pnK-ess.  101 

^^H            ,    iiyctitropic    movenit'Cts    of 

porrum,  movementa  of  flower- 

^^H               pJQiifl),  402 

Etcms,  2'2H 

^^H            ,  the  jix.es  of  the  ^Uipsod.  404 

AhtpeeitruM  praUjim,  JoinU  afi!ucU  d 

^^H            ' — -  loplianthaj  ('bai-acti.-r  of  first 
^H                leaf,  4lS 

by  BpagDotrDi.iiiiD,  503 

Ahasia  <itrio<inra,  circumautatioii 

^^H             ~ —  retinaidea,   oirciimnulatinn   of 

of  stem.  210 

^^H                 Joan,::;  pliylludc,  236 

AmaranOtiit.  u\<npo(]vp.vi'9  387 

^^H             AfiinihrmcyoB    horriila,    uoi-tumal 

aivtlutiu'f  Ductiir.il  lULiveuieitL 

^^^1                 movetneiit  of  ciityk'diiii  SOi 

of  orjtylcd.iiia,  307 

^^H            AmnlJiua  candelabrum/in^iwUt^ia 

Aiwirpha  fruficoaa.  sleep  of  leafleti. 

^^H                 tlio  twri  first  leflTfrs,  79 

334 

^^H             -^ — ,  potiides  Dot  arciicd,  553 

Ampelopeit  trfeufpidalot  hTponasUe 

^^H             '^ —   lalt/'liui,  varlibitity  in  fii-st 

movement  of  lioukod  tliMi,  272- 

^^H                 leaves  7!t 

275 

^^H             — —  moUia^    fifiedliiig,    manner  of 

Ampfticarpaa  monoioa.oireuiunutu* 

^^H                 breaking    tbrough    the    grouadl. 

tion  aud  nyctitropic  mvTouientfl 

^H 

of  lo:tv««,  365                                  ^^H 

^^H            ^— ,  circumnntation  of  young  leaf^ 

,  eifect  of  aanahine  on  Inifletitl^^H 

^H 

^^M 

^^^1               gp/notut,  79 

.    geotroplo     movements     at         ■ 

^^H             1  moVL-mi'Dt  rif  U  avL^8,  24U 

J 

^^^^^^                                    INDEX                                             .'iTS         ^J 

ASOVA.. 

BHASSICA.                                      ^^^1 

Attoda  Tf'rigAii7,6lcti)  ofoolylcdons, 

Avena  aativa^  movements  of  oldiah          ^^^H 

302.31-2 

oot>-lcdonp,  iiHif  500                                        ■ 

• ,  of  leaves,  321 

Averrhoa  Ui/m&t,  leaf  asleep,  3^1                      H 

,  downwarU  uiovemeDt  of  coly- 

«    angular    movcmonti   wlicu                 H 

Icdou^  444 

going  U  ali:cp,  331-:v;i5                                ■ 

Aplnliolrnpism^  or  negntife  belio- 

■ ,    leaflets   eipoeed    to    bright                   H 

IropUm,  5,  419.  432 

sunshine,  447                                                  ^| 

Apiot  gniKotcrtM,  LcHotropio  move- 

Alalia   Inilica,   circtuunutntJon   (d           ^^^H 

mcQta  of  hypoooiyl,  4-Jli-424 

^^H 

fttUroaa,    viTiicuI   idiikiug  of 

^^^^M 

leaflL-ts  at  night.  3ti8 

^^^^M 

Apium  (jmcKtAcmi,  sleep  of  colyle- 

^M 

duiifl,  sua 

,  petjvffh'HuiHt  sleep  of  cotylu- 

B&rv.  de.  on  Iho  cflTeol  of  the  Mfl'          ^^H 

tloiia,  ^{01 

diutn  on  the  silver  flr^  188                      ^B 

AiKiReotropic  movcniiMita  efftctcd  by 

Batj.lin.   I'jof,  on  the   nyctiti-optu 

jiiinta  or  pulvioi,  5t>a 

moveniCDtsof  lL>uvtii<,2^3;  un  tho 

ApogL-otropiiiii,  6,  494 ;  r»  tiinlai  bv 

shop  of  leaves  of  S.'da  tuiptra, 
822 ;    on    Pvtygtmum   aeieularet 

Uelii'tniptSQi,  .')Ul ;  uou(.-lii<]iijg  w- 

marks  on.  tyOl 

387  :  on  the  tttVxH  of  >?un«!mie  on 

Artidiin  Jit/pogcfa,  cireunmnttttifni  of 

ItmflelH  of  Ojalis  ai'etoneWtt  447 

gymiphiiro,  223 

Bauhiniaf   nyctitiopio  niuvenieuta, 

,  effects  of  rod  Rlion  oa  lcaT<  8, 

873 

289,  29.  i 

,moTem>ent8orpetioIes  of  young 

■ y  luovcmLnls  of  loavta,  357 

fcce<itings,  -101 

,  mtc  of  movement,  404 

■ ,  apponraiice  of  young  plauta 

,  circinnitutiilifHi  of  vtrlically 

at  iiighl,  -11)2 

di-pemltnl  yuiiiig  gyTiopliorcs^  51!) 

lieta  vulfjarig,  circimmnrntion    oi 

■,  (lownwiml  movetiiont  of  Ihe 

hvpocolyl  olBOPdlinps,  52 

same,  511^ 

,  movemeats  of  cotylcdoDf,  52, 

Atfliinij  of  vartutis  oi-gans,  impnih 

53 

tnaee  of,  to  betdliiig  ijloots,  87. 

.effect  of  light.  121 

88 ;  cnivrgeiicu  uf  liyfxjcotylH  or 

.  nocturnal  movuruent  of  o>Tty- 

ledoiis,  Sl(7 

epicdtyl^  III  liie  roi-niutnn^  .'>53 

AeparaguB  oju^innli^,    ciicuniimta- 

,   beliotropic    niovcments    of, 

1 lion  of  plnmules  Cl)-(j2. 

420 

^K    ,  cSfnii  of  luternl  light.  484 

- — ,  tmD>n)itted  lObct  of  light  on 

^^H     Aaplenium    triiivamaneti    movemc-nl 

Iiypocotyl,  4S2 

^^         tu  lIlL-  fruiliiig  fronds,  2.i7,  ii. 

,    apogeiit  opio    movement   of 

Anlratjaliit  iiliijiHuauK,  uiovenieni  of 

hjjMHotyl,  i'M 

lcllllt.tt^  3.5.5 

liiijiionut   ctijutohttit,   nphelioltnpic             ^^ 

Arena  sat'Ctt,  movement  of  ootyle- 

nioverami  of  tt^mlrils,  432,  4oit              ^^^M 

dou?,  iio,  lid. 

Bourli^    oa    Mrlaleuca    erica-folia            ^^^H 

jBcnsitivot  CS8  of  tip  of  mdiclo 

a?3                                                 ^^H 

to  moibt  air,  183 

Drtimi-a  nnptut,  clrcuninutation  oi                  ^M 

,  heliotropic  iiinveiu''iilBiidL'ir- 

t)u»er-8l(-m-,  226                                             H 

cuii:uuliiliciuofa)lyluiloii,421,i22 

Braiutca    oliracea,   oircumnututiot.                   H 

,  fctnbitiveuesaof  ciityleduu  ton 

of  teudlirig,  hi                                              ^^M 

lateral  li^bt,  477 

,  of  rudictn  11                                          ^^^H 

— —  ■,  yt'ting  Hhcath-Iifce  cotyledons 

,  geotropic  uovetaent  of  radtola          ^^^| 

strun^'ly  »i>ogcotropio.  4dJ 

J 

57? 
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CVint.li  eap^nae,  circiUQiintsttDn  of, 

2.S4 
Cri'tolaria  isp.  J"),  slwp  of  leavoa, 

340 
ik-yptoijaTMf     circumiuitatioD     of, 

257-259 
Cu^utniM  dudaim,  movL-menl  of  ooty- 

ltid>t.a,  43.  44 

,  sleep  of  cntyi)  (loiiB,  304 

Ctumrbita   nuraiiUa,  muvoiiicnt  of 

hyiwcotyl,  42 
.  cotyifdons  verticol  ot  nigbt, 

304 
ovi/itTa,  grotropic  luovciDOiit 

of  radicle.  38,  Sfi 

.circumnutatioiiofarohedhypo- 

cot.i  1.  39 
— ^,  of  8tr.iigbt  and  vertical  byp*^ 

eotyl.  40 
,  movfriients  of  vi>tyle<lon8,  41, 

42,  115,  124 

,  posiiinu  of  railicle,  89 

-,   rnpturo  of  tliD  seed -coots. 

102 
— — ,  ciiTumnuUitinu    of  liviwt'olyl 

when  erect.  107,  108 
■< ,  seuftitiTeutija  of  apex  of  nvli- 

cle,  liJ'J-i7l 
•^~t  cotylcilons  vortical  at  niglit, 

304 
,  not  affoctod  by  a|N)go.*tn>pUai, 

509 
.  tips  cauteriMfd   tnui8ver»ely, 

537 
Ciirx-Qture  nf  tlie  ftidiclo,  193 
Cjfca$  peetinata,  cireumnutatinn  of 

yuuQg  Ipuf.  wliiliit  emergiug  from 

the  grouiid,  58 

',  nr«t  k'uf  arelKfil,  78 

,  cireumnutatinn   of  terminal 

Icflflets,  252 
i'lfctacien    r^$icum,  moTemeot  of 

o(*.''*io>lon,  46 
— — ,  niidevvloped   cotyledous,  78, 

90 
,  circninniititiun   of  pediiucle, 

, ,  of  leaf.  246.  247 

— — ',  don-nwanl  aplieliotropicBiovo- 

Qic^nt  of  a  duwcr  podunela,  433- 

433 


Cyclamen  Pertlomm,  bttrylugof  tb- 

pods,  433 
Ctji>eTux  aUerui/nWus,  cirenmnutu- 

lioii  of  ateui,  212 
- — .  luuveiiu-iit  ofBiem.  509 
Cffl.'HUA  Jragraw,  rircuinnutjttbu  ol 

hypo-'i.tyl,  vn 
— ^,  sleep'  of  leuvD*.  344,  397 
— — ,    ap^g  otnpic    movoiuciit    ol 


Dtihlia,   circumiiutatiou   of    young 

leiucs.  2*4-24(1 
Italta    ahpeeuroide$.    leofioU    d<y 

pioiseil  ai  nigit,  354 
Darkueas,  effect  of,  on  the  more- 

meut  of  Itaves,  107 
Darlingtoitia  Califomicn,  its  leaves 

or  pildi*  rs  flplieliotrofw,  45'J,  n, 
Darwiiu    ClutrUts    on    Mauromlia 

trmpcrjiren*.225:  on  theSwedali 

turnip,   2:10,  n. ;    nioviincntH    of 

climliing   plmits,  2tj6    271;  the 

)ieltotro|>ic  movuncut  <^  (be  ten- 
drils iii  Jiitjiuntia  capriulata,  433; 

rc^olulion    of  cUiDoing    pLmta, 

451 :  on  (he  ourliiig  of  a  tcadril, 

670 
,  Erofimus,  nij  tbe  pedmi  les  of 

Cyolanicus.  438 
— ^,  Frauiio,    on    tbc   mdiclo    of 

Sinapit  alba,  486;  on  UygroMlV 

pic  seeds,  469,  %. 
DtUui-a      Untmoniiim,      nootiinial 

movement  of  oityledona,  298 
Dvlpino,  on   culyledntis  nf  Cliien> 

pbyllani  and  Coryttilia,  Htj,  n. 
Delphinutm    nudicauiA,     nti^c     of 

breaking  tliroufjb  tbe  ground,  80 
•^— ,  cfttiHiieut  ptiiolw  of  two  ciity- 

le»IoDs,  553 
V^iim- ••Hum  gymu,  uioTomiDt   of 

IftiflL-ts,  V57,  H. 
—,  iKMitioQ  of  lcAV0i  at  nLrbt 

285 
J  sleep  of  Icttveia,  nut  vf  coty 

leilous,  :{U 
,   clrcuiunulntion   auil    ityott 
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^^m                               DESHODIOM. 

ErOALTPTUB,                                           ^^^| 

^^m       tropic  movement  of  leares,  358- 

Duflmrtre  on    Tephrotia  catitaa,           ^^^H 

^B     nm 

'iai  ;  nil  the  iiyctitropiciii«Vt'ni(  tii           ^^^H 

^^"      Dttmodinm   oyrant,    movement    of 

nftlu'  C»s»iH,  :-iC£i                                             ^^^1 

f                latoml  Ipiiflols  361 

DtivaUJntive,  dn  Ihc  inovementi  of          ^^^H 

,  ji-rkiiig  nf  leaflfts,  362 

BrynphyUum   colijHnum.  237;  of            ^^^H 

,  nyctitmpic  movtmeut  of  jieti- 

tlie  nniTow  Ictivis  of  the  Gianii-          ^^^H 

olcB,  400,  401 

^^H 

- — ,  <.liiimQter  of  plant  at  nfght, 

Dyer.  Mr.  Thiirclton,  on  Iho  Iootos          ^^^| 

402 

uf  Cri'toUiria,  340  -,  on  Cii!»i<i  florl-            ^^^H 

,  Ifktcral  movement  of  loaves, 

tiunddf  SilO,  n,.  on  ttu>  ahsorbent            ^^^H 

401 

liiiiiM  nu  tlifj  linnud  flower-lh.'adi           ^^^H 

,  zigzftg  movemfnt  of  n^ex  of 

iBflf,  405 

. — -,  filiapo  of  IntfiTil  leRflel,  416 

of  Tri/olium  eufiUrratteum,  517               ^^^| 

^^1 

■  vespertiiionU,  ;ltH,  n. 

^^^^M 

Deuizia  yracHia,  circiumnutation  of 

^^1 

t^t'iii,  *205 

^^^^1 

Diugtx^trnpiain,   9 ;    or   tmn^vcrse- 

Eehevnia  tiaJonifera    oiraaroniita-          ^^^H 

giotrnpiMci,  520 

tinn  of  Imf.  23f                                            ^^H 

r'iiili'  !i[itnfp;»tn,  5;  (irTrBnavprsHl- 

Echinfxanctiia   rirideecens,  ila   ru:li-           ^^^H 

HfliotropiBimis   of   Fraitk,   4l'J: 

meutfiT}''  ootylcdoDB,  'Jl                             ^^^H 

iufluetiooJ    by    cpinasty.    439 : 

Eehinocysth  to'jatat  movementfl  ci          ^^^H 

by    weight  and   apogeotroplMn, 

tiiiidnl!),  20ti                                              ^^^H 

440 

.    a|>ogi.<ot:opism    of    toudril^^          ^^^H 

D.'wtihtu  riirt/opJij/lluti,  230 

510                                                            ^^M 

-    ■  .  cin'uimmtation  of  young  leaf, 

Elfviiig,    F.,    on   tlie  rltizoinoa    of          ^^^H 

2.*S1.  2'Jl) 

Sf^-nrfjaiiimn   ravimum^    isd;    on          ^^^^| 

DicotylnlfniB, cii^nmimt«l;on  ttiJe- 

tho  diugcotropio  nioveineut  in  tho           ^^^^| 

ly  sprtMid  among,  68 

rliizoinea  of  some  plants,  -Vit                 ^^^H 

Dioniea.  OhciUutury  movemonts  of 

JCtymug    arenareiu,    Icavos    closed          ^^^H 

lwvce,2Gl,  27] 

duriu^  tho  day,  413                               ^^^H 
Eiiihryology  of  Icavea,  414                          ^^^H 

Dionaa  muteipula,  cirrnm-'iutttd'on 

of    youug    expamliut;    leai',    230, 

En^'linittiti,    Dr.,  uu   the   Quereua          ^^^H 

240 

^^^H 

,  cloHiiro  of  the  lobes  and  cir- 

Epioiibty,  T),  267                                            ^^^H 

eumnataiion  of  n  fall-grown  leaf, 

Kpi  otyl.  or  plumule,  5;  mnTiner          ^^^| 

2H 

uf  bnaking  through  the  ground,                  ^H 

,  oi?illattona  of  242-244 

77:    emerged    fnitn    the   grmnd                  ^M 

Diuriiul  sleep  4I!I 

nndor  tho  form  of  nn  tjch,  553               ^^^H 

Vrontra  Cti/^CTisi,  strucfuro  of  first- 

EnjtkrUia  caffra,  &l<'Cp  of  iHivt'S*           ^^^H 

fui-lULU  ktkioa.  414 

^^M 

rtifuiidiJ'Ua.     movtrmtnt    of 

cortillodetulrtm,   movement  cA                 ^M 

yonng  Imt,  237,  238 

termiiml  Kflflit,  3ii7                                     H 

' ,  of  (hu  tL'ntwIes,  239 

-          erigln-gitUi,    t£f(£t    of    tern--                  ^M 

•— ,    sciifliti  venesa    of    tcotoclot, 

peratDre    od    sleep    of    leive^,                 H 
318                                                               ■ 

261 

•  - — ,  atiR|>e  of  Ittivps,  414 

,    uircnraiiutnlioa    ftnd   iiyati>                 H 

,  leavt'fl  not  lielkitropic,  450 

tnipic    movement    of     terminal            ^^^B 

,  loHves  cirunmnutuie  largelf. 

I'MiHets,  367                                              ^^H 

451 

Eucalyptus  regini/era^  clroumnuta^          ^^^H 

.  aensitlreDesB  of  570 

tion  of  Innvi-K,  244                                   ^^^H 

7. 

Flaliault,  M^  on  tlic  ntptarc  of 
srod-coati!,  102-104.  lOfi 

FIi>«rer-B(eni8,  cirt-umisulaUnB  t/f, 
2^3-226 

Fragaria  Jtwaeea^  clrcaniDDtation 
of  stolon. -2)1-218 

Frank,  Vr.  A.  D.,  Ihc  temui  Ilelio- 
tropfdm  uikI  (>entropi«m,  Hret 
uaeti  by  liini,  5,  n. ;  nulu'li'S  itctud 
nn  by  goitlmpiiirn,  70.  ». ;  tm  tliO 
■tolona  nf  Fragaria,  215:  periodic 
and  nyotitrojiio  movemonU  of 
Icttvei,  ZSl;  Oil  ihu  root-lcovos 
of  plants  kept  in  durkncta,  -14^: 
on  pulvini,  483 :  nn  nnturai 
Mlecliim  in  cuinrcti  'ii  wilh 
^otropimi,  Ueliotropbm,  &o., 
570 

^— ,  on  TniisvLTiiil-  HeIiotmp{B- 
loiv,  41!) 

Fuchiia,  cirenniiiuiitioD  of  atom, 
205.  206 


0. 

Gaxania    ringeru^   cirODmnutatfoD 

of  atem.  20S 
Genera  contiiiriing  sleeping  plants, 

S20,  321 
Geotropisio,  5 ;    effent  of,  on  Iho 

primary  ra'iiclo,  196;  the  roTorae 

itf  ajp.fgi;otropLsm,  512  :  fSi^ct  OQ 

tlio  tipH  of  rad'iL'Iea,  M3 
Geianium  cinereum,  301 

.  JTnJi-MJi/i,  304 

— —  ihertcun»,nocttimttl  moTcmeat 

tif  .^J,yloitnTiB,  208 
Rkhanl/ioni,  304 

nient  of  ct'ityleaon.  304.  312 
-■-  -  auhcau!e9ceti8^  304 
GvnuiQutiug  aeod,    bisfonr    of  a^ 

fiiS 


aTMsroflpRauiu 

Oithago  ttgdum,  ctrcomnnLition  ol 

hypooot}!,  21,  108 

,  burying  of  lij-pocotyl,  100 

,  Bcfldlin^  fcobly  UluDiiDatoil, 

124.  128 
— ,  tlccp  of  ootvlodon,  302 

,  leftVM.  321 

Glaueium    tuleam,   QircumDutntinn 

of  Touiig  Itsiveti,  228 
OUdiUehia,  Bleep  uf  loaTcs.  308 
Glycine  hhpida,  rertio&l  sLildng  of 

I'^flets,  3G6 
Qlyetfrrhixa,  leaflets  depressed   at 

ni^ht,  355 
Godlowskl,   Kmil,  nn    the    tur^ 

wrenoe  of  tho  ctcIIb,  485 
Gooseberry,  effect  of  mdiatioD,  2fi4 
Ooegijpium   (Ti\r.  Ksnkm    cotton), 

clronmnutation     of     liypoootjl, 

22 
—— .movement of  cotylirtl'tn,  22,  23 
,  flloep  of  leavers,  324 

-  arhoreum  (?),  sleep  of  ootyl& 
donii,  303 

Braziliense,   noottuiial    move- 

inont  of  loavea,  324 
,  sleep  of  cotyledona.  303 

henaceunt^    soiwilivenesB    of 

apex  of  mdli'lo.  168 

,    radicles    caaterifled    tran*- 

vcraely.  537 

maritimumt  nocturnal  tnoiv^ 

mont  of  toavee,  324 

Onivilatiou.  uuvements  uxdted  by, 
567 

finy,  Asa,  on  Dflphinium  norfi- 
caulf,  80;  en  Megarrhisa  t'ali- 
fnmitn^  81 ;  on  ihe  raovcmouts  in 
the  fruiting  fron  Is  of  Aejilenium 
Iriehouanes,  257;  on  the  Amphi' 
carpCBa  m'moica,  520  ;  on  tbf 
Ipomxa  Jalappa^  557 

Groasf,  iffoct  of.  nn  radiclcfl  and 
thdi- tii>B,  182.  185 

Grosfiscr,  Dr.  H.,  on  tlte  cotyledoru 
of  Cffciamen  Perairum,  40.  77' 
on  hypoootyl  of  tho  sama,  06 

Gyiuaospeitna,  3S9 


OAHtBhAsirr, 


H. 


Ilftberlandt,  Dr.,  od  the  protube- 

raauo  on  the  hypocotyl  of  Allium, 

50 ;  tiie  imiiort'tiicc  of  the  nri-h 

to    R('C-(llin^    [liants.    87  ;    8iib- 

neritil    uni\   HubkTniiieau   cnljle- 

duiit5,   110,  n. ,  the  uxihc-d  Lypa- 

cotyl.  55i 
i/iC'Kut-  tcr/hn  Cnnipec/'iaMum.  noe- 

luruu]  EuoTL-mont  of  Icavt-B,  3C^, 

3<t9 
Ueii'  ra    hdix,    cirouiiiniitatiori    or 

fitetn.  207 
Uedym  ram   a/ran  ■!  rinm,   noc  t  unial 

movemonis  of  leaver,  356 
Heiiaiithemum   prMtraturay  gi3otro> 

pic   uiovcmcut  of  Quwer-hcnda, 

518 
Hdianlkits  anqutu,  circumualation 

of  hypocotyl,  45 

,  archill';  i>f  hyiwootyl,  00 

,  noctura.ij  movcmeat  of  ooty- 

ledons,  305 
Eeliotropieni,  S:  UGO^t  of,  449;  a 

mi>ditit.-^l  form  of  circtuunutitioii, 

4*)0 
EelUbarwi  iiiger,  miide  of  breaking 

tbrougli  thit  ^raiiritl,  86 
Heiiaeii,  Pr>f.,  on  roots  in  WDrm- 

burrows,  72 
Hcnslnw,  Rev.  G..  on    the   coty- 
ledons of  i  halan$  Caitarieitsi$, 

62 
HofmeUtur,  nn  tlie  curioua   move* 

mcnt  of  Spirogjni,  3,  '^5i),  n. ;  of 

tlio    leav<'8    uf    Piiiia    slriiliti(e9, 

255  ;  of  ootyleiloaa  ut  night,  29" ; 

of  lietal::,  41-1 
•'—  and  B^taKn  on  the  moTemeulB 

of  the  cahliago,  229 
IJookiT.  Sir  J.,  on  the  rflbrt  of  liglit 

on   tlie   pitchers    of   Sarraeenia, 

450 
llypooolyl,   5 ;    manner  of  brenk- 

iDg   tbrongh    tiit-   ground,    77 ; 

emerges  Doder  the  fona  of  an 

arclt,  553 
liypocotyU  nud  EptcotyU,  circuui- 


Dutation  and  other  raovoaieut) 
when  arrhed.OS;  puwer  of  slTrtigllt- 
ening  tliOniai'lvea,  100 ;  rupiure 
oftheaecd-fonta,  IdiJ-lOiJ;  illu.-*- 
trutioii  of,  106 ;  lircumuutjuoii 
wht-u  erect,  t07;  when  in  dark 
lOS 
Hypoiiodty,  C.  207 


I. 

Iberis  umbeitaUif  movciueut  of  titem, 

202. 
lilumination,  effect  of,  on  thti  sleep 

of  loaves,  398 
Imaiophyli um    vel    CUcia    (ap.  ?), 

tiioveinnut  of  li.«ve3,  2J5 
Indiycfera    tinctoria.    loudetd    do- 

proast-d  at  night,  351 
Inlieritanoe  iu  plants,  407,  491 
I^ac<^tivorou3  and  ciiinhing  phmta 

not  heliotiajuc,  450 ;  iutluunoe  o( 

light  OD,  488 
Jpomtea  bond  nox,  arohlng  of  hyixy- 

cotyl,  90 
,  U'lcturnal  podiLion    of   cotv- 

lodons,  3110.  312 

cixridea    vA    PharbitU     nil, 

circumiiulatiou      of     Mrt^diiiigs, 
47 

,  movement  of  cotyledons,  47- 

49,  100 
,  nocturnal  movements  of  coty- 
ledons, 3i)5 
— ,  uleep  of  leaves,  380 
— -,  Bcnsitiveneds  to  li»;ht.  451 
- — "f  the  bypocotyledoaoiuj   »te:na 
heliutropie,  458 

,  coecinea,    position    of   potv- 

le^lons  Ht  night  300.  31-2 

Uptophjlia,  niwle  of  brciUng 

through  tl  e  ground.  83,  84 

,  orchicig  of  thti  ivtiolta  of  the 

cotylciirtiiB,  90 
,  diflercncG  in  Benaitlwnpss  tn 

gravilaliuu     in    dilloreut     pftrt^ 

509 
,  extTiiordinary  matmer  of  gop 

minatioD,  557 


i 
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Ipomaea  fandnrata,  n:aiiner  of  gcr- 
Diioation,  SI,  5A7 

purpurea  (vel  PharhittB  hi$- 

pida^    nfxHuTDal    movement    of 
cotyledons.  305,312 

—  ,  sleep  of  learea,  3^6 
-—,  sensitiveness  to  light,  451 
,  the  hypocotylcdououB  stemi 

heliotropic,  453 
Iri$  pKwJo-<u)oru*f  circumnutation 

of  leaves,  253 
Irmiacb,  on  cotyledons  of  Banun- 

cu/iM  FicariOy  9C 
Ivy,  its  stems  heliotropic,  451 


Kemer  on  the  bonding  down  of  pe- 
duncles, 414 

Klinostat,  the,  an  instrument  de- 
vised by  Sflchs  to  eliminate  geo- 
tiopism,  93 

Kiaus,  Dr.  Carl,  on  the  underground 
■hoots  of  TVitieum  repent,  189; 
on  CannabU  tati'va,  250,  307, 
312 ;  on  the  movements  of  leaves, 
318 


Lacttiea  Bcaricia,  sleep  of  cotyle- 

dons,  305 
Lagenaria  vulgarit,  circumnutation 

of  seedlings,  42 

,  of  cotyle{loii8,  43 

— ,  cotyledons  vertical  at  night, 

304 
Latkrxa     sguamariOy     mode      of 

breAking   through    the   ground, 

85 
,  quantity  of  water  secrettd, 

85,  86,  n. 
T.atkyrus     niwolia,     circumnuta- 
tion of  stem  of  young  seedling, 

88 
— ,  ellipses   described   by,    107, 

108 
Leaves,    circumnutation    oC   226- 


262  :  dicotyledons,  226-252 ;  mo 
nocotyledons,  252-257 ;  nyotitro- 
pisin  of,  28!) :  their  temperature  af- 
fected hy  their  position  at  night, 
'294;  nyctitropio  or  sleep  move- 
ments, 315,  394 ;  periodicity  of 
their  movements  inherited.  407; 
embryolc^y  ot  414;  s>-called 
diurnal  sleep,  445 

LegumijuMiB,  sleep  of  cotyledons^ 
308 ;  Bleeping  species,  340 

TjO  Mnout  and  Decaisne,  67 

Lepidium  sa^tram,  sleep  of  cotyle- 
dons, 302 

Light,  movements  excited  by  418, 
563 ;  influence  on  most  vegetable 
tissues,  486 ;  acts  on  plant  as  on 
the  nervous  system  of  animala, 
487 

Lilium  auratumt  circumnutation  of 
stem,  212 

,  apogeotropio    movement    of 

stem,  498,  499 

Linnnus,  '  Somnus  Plantarum,' 
280 ;  on  plants  sleeping,  320 ; 
on  the  leaves  of  Sida  abutilon, 
324 ;  on  (EjioUiera  moUissima. 
383 

Linum  Berendieriy  nocturnal  move- 
ment of  cotyleilons,  298 

usitatistimum,  circumnutation 

of  stem,  203 

Ldi'tm  perennef.  joints  affected  by 
apogeotropism,  502 

Lonicera  brackypoda^  hooking  of  the 
tip,  272 

,  senstivencss  to  light.  453 

Loomis,  Mr,  on  the  movements  in 
the  fruiting  fron.Is  of  Asplenium 
tridiomaneB,  257 

Lotus  aristata,  effect  of  radiati>:n 
on  leavrs,  292 

Cretieug,  Uaves  awake   ai'd 

asleep,  354 

G^)elii,  nocturnal  movemeni 

of  cotyledons,  308 

,  leaflets  provided  with  polvini, 

353 
Jaeotmusj  movements  of  coty 

ledons,  35, 109 
1  pulvini  of,  115 
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Lcfvf    JaMbA-'tu,    movements    at 

night,  nu,  121.  124 

,  (Itvelopmcut  of  piihini,  122 

,  »il«jop  of  cotyledons*,  808,  313 

■,    nyclitropio     movement     uf 

Ifaves,  :jr>3 

-  major.  bIol'p  of  leavcB,  SSS 
perigriniu,  movement  of  U>af- 

iets,  35a 
Cunu/firhi  T<i^jj(rr£4,  oirrumDUtiitiou 

ot  frotida.  258 
Lupinu*.  340 

alliifrons,  sleep  of  leiivea,  .S44 

■   Hartioeffii,   oleep    uf    leavfa, 

341 

IdttuSt  circnmnotatlon  of  coty- 

leilons,  88,  110 

— ,  effect  of  darkness,  124 
'%upiiiu»,  poet!  ion  of  Ic-ftvca    wlittii 

,  diifertiiit  poaitionBof  loftves  at 

aiglit,  843 
.  Vftnod  moveoients  of  leareB 

aii<l  Ieft1k>t4.  3»5 
MeruiesU,  sleep  of  leaves,  343 

mutabitiitf    fiioep    of    leaves, 

343 

noHUi,  sleep  of  Ieava-<,  343 
p'imu*.  flieep  of  leaves,  340, 

r  S41 

■"—^  pdffphi/Uue,  sleep  of  leav^a, 

343 
• jjubeaeenM,   slftop  of  leavos  by 

il-ty  and  night,  342 

-  ■  ,  iHMition  of  petioles  at  night, 
343 

,  movements  of  petioles,  401 

sjiiciotua^    circumnntation  of 

leaved,  230 
I.yn*:li,  Mr.  R,  oo  Paehira  aqua- 

liat,  'J5,  n. ;  sleep  movements  of 

Acerrhoa,  330 


tfitran/a    arundinaeea,    nycti tropic 
movemt-ut  of  Iwivea,  3SD-3:»l 

,  after  niueii  ugitatiou  do  not 
aleep,319 


ManQia  quadrif'iliata,  effeet  of  ra- 

dinlion  nt  nigbt,  292 
— — ,    ciifMininulntlon    and   uycti- 

tropLQ  movemtHit  of  leaflets,  302- 

3.i4 

■ ,  nit«  of  movi:meni,  404 

MarliuB,    on    ludiation    at    night, 

284.  ft. 
Miistery,  fir.  Maxwell,  on  the  lead- 
ing stio<»t^  of  tlio  Cont/crn;  211 
Maurandia  "empcrfiorejiSyCiscamuu- 

tntiou  of  peduiiL'lo,  225 
Miftlicago  vuiculala.,  noctnnial  post* 

tion  of  letivea,  345 

mar»jj«,  ieavee    awake    and 

asleep,  344 

Meehan,  Mr.^  on  tho  efTeot  of  an 
^(^tdium  on  Porixdaca  oteTooaa^ 

MitfjfirrMza    Califomioa,    mode    of 

breaking    thn>ugh    thu    ground, 

81 
,  germinalion  dascriLed  bv  Aea 

Gray,  »<2 
— — ,  hingalar  mannei  of  germtna- 

tioQ.  83,  556 
Melalr^uca  ericae/olia,  sleep  of  leaves, 

383 
M'eiilt'titi!,  nleep  of  leaves,  345 

aHia»  Bleep  uf  leaves,  347 

easrulea,  sktp  of  leaves,  347 

denUxla^  effect  of  radiatijn  ai 

night,  2^.'> 
■ eleganR,  alwp  of  lenves,  347 

—  grociltM,  8k*p  rf  leaves,  347 
in/eetOt  sleep  of  leavea,  347 

Italifra,    leavea   exposed    at 

night.  291 

^-^,  sleep  of  leaves,  347 

rnacrorrhiza^  leavea  exposed  at 

night,  2t)2 

,  ah-ap  of  leaves,  347 

msgsatteit^g,  steep  of  leavea  on 

tull'gi-fixvu    and    young    plants 

348,410 
officineUis.  efft-ct  of  eKpoaure  ol 

leaves  at  night,  2li0,  2CIG 
,  nocturnal  movemoat  of  leaves, 

316,  347 

,  circumuntatioii  fif  leavee,  Mfl 

,  movement  of  petioles,  401 
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^^H              3fisf(2dfiif  porvilfffm,  sloepof  lunv, 

Jtf/mnia  albida,  eiruiimnutatloD  anfl 

^H 

Djotitropio  movement  of  ptuim^ 

^^H              Pr(ii;i/Vrrfi?i.u,  leuvetti-JiHiei'il 

402 

^H                   nt  ui^ht,  -i;t  1 ,  296 

,  number  of  ellipfles  ileecribei 

^^1              — _,  ijiuep  or  kaves,  347 

in  givoii  time,  406 

^^H              •^-  mcuik/i/Idtu,  Bleep  of  li.-art-«, 

,  rffert  of  bright  fliin^hine  od 

^H 

leiiileK  44i; 

^^H               KuaeroI«Fi<,  leaves  espoied  at 

itirabiiit    jalaya    and    lon^yfiora-. 
Doelurnal  roevemonts  of  eotjle- 

^H                   itight,  291 

^^M              — ^,  flieop  of  leavee,  347 

lions,  8ti7 

^^H               tulcata,  al&bp  of  Ieavf«,  !t47 

,    Bycl  itropio    movement    of 

^^H              Taurica,  leaves  ex|>a«(1    fit 

Icftvcfl,  a87 

^H                  Diglit,  2Ul 

Molil,    oil    lieliotnjpisra     in     ten- 

^^H               .  alei'p  of  k'ttves,  ;H7*  -It 5 

drilti,  etema,  atul  twiaing  pliml^ 

^^H               Idtiitiods  of  obaorvatioD,  0 

451 

^^H               MimftMi  aUtidit,  cotyleduue  VL-rtictil 

MnmoDtum-lilce  mov^iuent,  the  nc- 

^H                   atoight,  116 

cimiulater]    effi-cts    of    apogco- 

^^H               ,  not  sensitive  to  coatw-t.  127 

trtipi-m,  508 

^^H              ■ -,  aloep  of  cotyl^loiiti,  306 

^^H               ,  rudimentary  lenlleUt  3i}4 

Monocntyledorii,    sleep   of   lAarea, 

389 

^^H              ,    Dyetiti-opio    movement*    uf 

MonolTopa     hffp'tpifjft,     mode     of 

^H              luiivcu,  S79,  sm 

bn'akiiig  tbnmgli  tliu  groaml,  86 

^^H               .  oireuiuiiuUttuu  nf  the  nitiin 

Morten,    on     the     mr^vementa    of 

^^H                     petiole  »f  youurg  Uuf,  3!jl 

stamoni    of    Bpannaniiia     nod 

^^H               -,  toraimi,  or  r'Uiti'>ii  of  l<s»vi« 

OorouB,  226 

^^1                     lUitl  leafl«.'td,  400 

MQlkr,  Fi-ili,  on  Catita  fora,  34: 

^H               -,  lir»t  liue  leaf,  4I(! 

OD  (ho  cirvumDulation  of  ZiiHim 

^^B .  ofTuct  of  briglit  sunsliiiio  nn 

ugitatitMmum,    203 ;    luoveraenta 

^^H                    buttiil  Lcatlots,  443 

of  tlie  flowcr-etems  of  on  AUemn, 

^^^1                 mur'jinala,  [lyotUrttpic  iiloTO- 

226 

^^H                     ment»oriujl!et8,  ItSl 

3ftt/ufit     tinntiti*,     movement    of 

^^H              pudica,  Euuvcmi-nt  of  ojty- 

huvRS,  246 

^^^H                     ledoiift,  Ui.* 

,  lonvea  not  heliotiopie,  451 

^^H              — — ,  rupture    uf  1lie   fectlK^vntt*, 

1 

^H                  105 

^^^^H 

^^H              ,  circumntitatiun  of  ootylti^ioDB, 

^^^^1 

^B                  100 

H.                         ^ 

^H                 .  pnlvitiL  nf.  113.  115 

^^H ,  colylodini^  VL-rtieal  at  Digbl, 

Nutunl    aeleotioD    in    ooanecOoo 

^H 

witi)    ifE<(itrc]|)iena,    heHotropimi, 

^^H               • ,  hordlj  soisitlve  (o  oontant. 

Ac,  570 

^H                  127 

.V«f3ArmIittm  inoMe,  oircnmnntatioo 

^^H               -' — ,  effect  of  espo«aie  ut  niglil, 

of  very  ycung  frond,  6ti 

^H                  203 

•,  of  older  fitmdf  257 

^^H               -^— .  nocturnal  moveiueut  uf  leavefl. 

,  slight   iiiovumeiit  of   tntnda 

^H                    2d7 

509    ^ 

^^H                ,  filectp  of  ootYle<lu»»,  308 

Nieptiinia  oUraeea,  eeiisitiveaetti  to 

^^H                — — ,    cireumnutatiou    aoil    nynfi- 

coDtaH,  i'JH 

^^K                 tTDiiic  muvemeut  of  ruaJn  petiol  i. 

,  nvctitmpio  movement  of  leaf- 

^H                 S74-37S 

lets.  374 

^^V             ,  nf  h^tleU,  ffm 

-^ — .  ofpiDiUC,  402 
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Nieotiana  glauca,  Bleep  nf  le&ves, 

OxaJisaef,hiHlia,3ctd-c&psa\ea,uii\j           ^^^| 

385,336 

octaaiotially  bujied,  .'il8 

y    ciroiimniitfttion    of     leaves, 

—^-    arlicuiaUi,    nof-lnriiftl    mv,re^ 

386 

menlB  of  wtylo-ions,  307 

Noblie,  ou  tlie  rupture  of  the  seeti- 

(^BiophyfUTti)     attntitiwi,    n*- 

ocmUi  iu  a  iK<HlliQg  of  JUbrfvAia, 

pidily  of  niiiv-.'ini.'nt  of  ootylf>ilmu 
durtDg^  tlie  day,  26 

105 

Nota'taproatrata,  nufvemeui  ofBeed- 

,  pnlvjniis  fif,  113 

litij^s  i(t  thodark,  TiO 

,  ootjiodrjns  vertical  at  night, 

• -■,  circuiuiiututLun  of    8«;e(lling', 

U6,11H 

108 

— —  bupleuri/olhi,   circiimnutation 

KyotUropic    movemeDt  of  leaves, 

of  fol iiiftiioua  |K-tiola,  328 

560 

^1  iiyftitn>))ic  muvement  of  tei^ 

Kyctitropiam,  or    Bleep  of    loavca, 

minal  leBflRt,  32J 

281 ;  in  contieotioii   wilb  mditi* 

carnom,    circumimtation    of 

tiou,   280 ;  object  guinud   bv  it, 

flijwer-stotn,  2'J3 

1 413 

^.epiiiastic  movemeiilBof  flower- 

K 

stBtu,  504 

H 

,  efiect  of  expoBiure  at  ntghl, 

^^ 

288,  29G 

,  movements  of  the  flower-po 

Oh«erToti<n,  meiIio<iBof,  B 

dunclt;ii   diio    to   upoifeotroptsm 

(EnotJieranioUi»sima,B\eepofleavti6, 

and  otJier  forcca,  5l):H-50ti 

383 

■     comiculata     (var.     cuprea^ 

muiemcnta  of  L-oty  Itiduns,  26                    ^^^H 

Opufitia  htxsilarig,  coiijuitil  oirenm- 

DiitKiioii  of  hyjiocotyl  aud  i-^itj- 

,  rising  of  i-rttyludon^  116                   ^^^| 

Icilon,  ii 

,  rudinieQtftry  pidvi.u  of  coty-          ^^^H 

• ,  llii<-kening  of  the  hypoootvl, 

ledou.4,  1 10 

96 

,    development    of    puWinua, 

— — ,  ctrcnmimtfttion  of  hypoootyl 

122 

when  eri'ct,  107 

,  effect  nf  Hall  light,  121 

■,  burying  nf,  109 

-f  experimonlB  un  leuvi^e  at  nigbt, 

Ormigo.    soL'dliiig,  circumDutation 

283 

of,  510 

Jlorihunda,  pulvinuu  of  coty- 

Orchis  i»jnimidalu,  complex  move- 

lodoiiu,  ]  1 1 

ment  of  ponitun,  489 

— — ,    nocturnal    movement,    118, 

OxalU  aoelosellaj  ciruumDututirm  of 

307,  313 

flowirstem,  li24 

fragran*,    alevp    of    Icavcti, 

,  cfTecU  of  oxposwre  to  riulia- 

324 

tion  at  night,  287,  '.>y8,  29G 

Ortegegiit  circiimnututiun  of 

^ ,    circumuuUitiuii    ami    uyuli- 

flower  atem^i,  224 

tropi-;    movement  in    full-gr«iwn 

,  sleep  of  laigc  leaver  B27 

iMf,  326 

,  diameter  of  plant  at  niglit, 

— — ,  (.'irciironntatlon  of  lenBet  when 

402 

aaleep,  827 

,  liirge  IctflHa  afloiote«l  by  bright 

- — —.    mtu    of    circnmnntatiati    of 

sunsliiao,  417 

Imlleta,  404 

FlumieHi\  shop  of  leaves,  327 

,  ellect  uf  Burialijne  on  loafhU. 

purpurea,  expitauro  of  Icafletfl 

447 

ftt  night,  2!»3                                            ^^H 

.  oirouisuutatJOQ  of  poduncK 

rosea,  ci^oiimimiatiun  of  oo^          ^^^H 

5U€ 

ledoiia,  ^3,  24                                           ^^^| 
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paAflEOLtn. 

^^H             OvoZb  fotea.  puMnnB  of^  113 

meiil  and  circnrmmfBlioii  of  Tefj 

^^H              ,   iDOTeiiunt   oP  colvlcions  at 

ytanp  Itiif,  21S,  219,209. 

^H                  niKht  117,  118.  807 

Pfift'er,  Prof,  on  tlte  turgesoenco  at 

^H              ,  effect  or  dull  l.ght.  124 

the  cellii,  2  ;  on  pnlviiil  of  U«Tt?«, 

^^H             ,     noa-  Beiisiiive     ootyledv^ua, 

113,    117;    slopp   muvemeiits    of 

^H 

leavea,  2H0,  28:^.  284 :  nocturnal 

^^H              $eneiHra.  ninroment  of  coty- 

rifling  of  leaves  of  Malva,  324 ; 

^H                 L^dons,  1011, 127. 12H 

mnvemenla  of  Imflel:*  in  /^mmio- 

^^H              -.  cucQiunntution  uf  flowor-etem, 

(Hum   qyntris,   358;  on    Pht/Uan- 

^H 

tliua  Nirttri^  :^8;  influence  of  a 

^^^1             ,  iiuctnrnal  riioTemont  of  ooty- 

pulvinnaon  leaves,  3St6:  pertiviio 

^H                  1edr>a».  ;]07,  :U2 

mnvcmcrttH    of  sleeping    leaves. 

^^^1              ,  Hleei>  of  leaves,  S27 

407,  iO'i;  movcnicnti  of  potal^, 

^^^1              tropaoloidet,  movement  of  co- 

414  ;  ctr.  ct  of  bright  sunshino  on 

^^M                 tyMons  at  night,  !  18,  \W 

loafletB  of  Kobinia,  445;  efloet  of 

^^^m              Taldioianay  cni]j»int  ciroum- 

light  un  \far\ts  providL-d  with  pul- 

^^^1                  nutfttiuD  of  cotyU-doos  and  bypa. 

vini,  3G3 

^H                  ootyl,  25 

Phataris  Canarienaia^  movements  ol 

^^H                      ,  ootyltrdaiiB  rmng  vertically  a.i 

old  Koi'dlincis  02 

^H                  Digtit,  114,  115,  MT,  118 

-,  (■mumnutation  of  cotyledons, 

^^H               -.notj-soDBitivo  colyledins,  127 

i\3,r,{.  IU8 

^^H             — — .  uoctunial  moveoient  of  coty- 

,  ht'liotrMpic  inovemont  and  oir- 

^H                  k'doii.  307.  31*2 

cumnutatJDt)  of  cutyiedou  towards 

^^H              ,  slt'Ofi  of  leaves  and  not  of  oo- 

a  dim  lalemi  li^^ht,  427 

^^H                  tyk^ora.  315 

,  sensitivenoia  of  ootyk'don  to 

^^^^             —  -  ■,  niovumeiitii  of  leaves,  327 

light,  455 

— — i   eflf-irt  of  oxolosiou   of  light 

from  tipa  of  ootyiedons,  450 

^^^^^^^^H 

— — ,  muuuer  of  bouding  towards 

light.  457 

^^^P 

.  effi-cta  of  painting  with  Indian 

ink,  4ti7 

^^H               Pa(^ira  aquatica,   unequal  cotyle- 

- — — .  tmnsiiiittwi  ei&cts  of  light, 

^^^1                 dons,  9ri,  n. 

40!) 

^^H               yuttcTatiam  Uttorale,  movement  uf 

-—,  lateral  illumination  of  tip, 

^^H                            IcftVfil^ 

470 

^^H               Paralrclidtmpisu,  ox  dtiuual  sleep 

— ",  aptigeolrnjiio  movement  of  the 
Bheath-Tike  OfJlyKduiia,  497 

^^H                  ofleavi^,  445 

^^H               Pawijlora  tjrttcili*^  L-iroumtiut.Eiliou 

,  rlmiige  from  u  airalglit  u\>- 

^^H                   fttid    uyvtitropic     mnvcuii^nt     uf 

ward  n]K)gnutrii]iic  ooiii^so  to  elr* 

^H                 Uave3.38:^,3t{4 

otimnntntion,  499 

^^H               ,    anogiiotropio    movernvnt    of 

^^^m                    t^^ndriiH,  510 

— — ,    apogootropio    morcmt'ut    of 

coiyledona,  500 

^^H               ,  senaitiveiicflB  uf  tcndriltt,  S50 

yha»€ifbui    HeraandKtiif    nocturniil 

^^B                Pdar^onium  tmale,  cir:umtiutatioD 

niovoun^nt  of  Knives  uud  lotillets, 

^^B                 of  stem,  <iU3 

31.8 

^^^1               . ,  and  downward   iiiiivamont  of 

earacaUa,  93 

^H                  yuuu^  leaf,  232>  fA'3,  2G9 

k  niioturnal  movemuot  of  lonveo, 

^^H               Petiolvtt,  the,  riBtn;:  oi;  Wnefli-ial  to 

368 

^^1                   pIiLnt  Mt  night,  4'1'i 

— — ,  effoot  of  briglit  lamfalae  w 

^^H              FeiitnitJ.  vioiaeeaf  dowuward  move- 

luifltittf,  44tt 

1 

^ 
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PUABbiLVS. 


Phareoliu  mttUiJIonu,  uovmiitiut  of 

r.iiiiole?.  20 

,  cf  jouni^'  nuHcIo,  72 

. ,of  hyjKKt.tyl,  91,  93 

,seiisitiven(!»iofupBxafnh)iclo, 

,  to  mebt  air,  ISl 

— ,  caiiltiisation  and  grease  uu 

,  noftitriinl  luoVtiimiit  of  liKtVea, 

ma 

,  iiyoHrr^pio  movement  t>f  thu 

firBt  imifi>]i.itp  l&ivt-s,  Hl)7 

Roximrghii,    effcwt  of  bright 

»UDHliinu  ou  limt  leuvcn,  44Q 

,  vuigm-i*.  im 

,  ski-p  "tl"  leftvt*,  :iI8 

,  VL-rtioftl  Biiiking  of  leaflets  at 

iiiL'lit,  JUJS 
I'hyllttiUhaa  A'irttri,  sleep  of  icaf- 

Itt*-,  :-ws 

liiioidiii,    altop    of    leuvei, 

387 

l'U"eereti$    U-ulletii,    rudimentarj- 

cnlyk-dorif',  97 
Pimeiia  »imciaiiUia,  sleep  of  li^avefl, 

387 
Piuctiia,    woiidin,    thnmgh    which 

tie  mdip-le  of  a  bttaii  wan  ulluWL-d 

tM  i-'row,  75 
rii\u«  ctM(mic(t.  cJrcamimtiiition  nf 

lvavft4.  251.  2r»2 
Sonhnamiiutuv,     uyctitropic 

movement  of  Itavca,  381> 

ptnntier,    circuiimuUitioii    of 

hypiKiolyl,  5*J 

^— .  movt-meiit  of  two   oppomtc 

oolyle<iuiia,  67 
■ — -,  circumriutiUon  of  young  leaf, 

2dI>,  2ol 

-  ,   fpiiiiuitic    dnwiiwnrd     niove- 

incnt  of  ytiun;;  lenf,  270 
FiUia    »trati"U$,      iii"V\ineNt     of 

h.ftve8,  2.'i5 
listm    Maticunkt    sonftitiveiiess    uf 

iijtci  of  mdk-le,  15H 
- — ,  tip*    of   nidioloa    cauterinod 

Inuisvi-raely.  .'iHt 
Pluittij,     n^>n.-.itivfncT«     to     li^ht, 

449;  bygnwcopic  movt-ments  of; 

489 


QUSItOt'8. 


FlnnU.  oliiiibin<c.  ciii-utiitiutatloD  of, 

261 ;  ititivt-mciitB  oi,  Jj5if 
,    luftttiTB,    circmauutatioii   of. 

201-214 
Pliny  on  the  sl^-Lp-mcvenienta   M 

plants,  2S<i 
Ptuv^go  Capfrmiit,  ciroumnutatlon 

of  BU--U1,  2li«,  2(>9 
P'tincmna  GiUietii,  hiecp  of  Uikves, 

3(;3 

Poiygonum  aviofilare,  leaves  vertical 

at  nt'-bt,  :t87 
convolvttitts,    sinking  of   the 

Itavea  at  ni-^lit,  S18 
Pontfderia  (wp-?),   clrcumnnlatiou 

of  IwiVfs,  25(i 
Porlieria      hfftjrvme'n'ea,     ciroiiin- 

Diitntion   ani   nyotitropic   movo- 

mtotH    of   petiolu    uf   leaf,   3S5| 

Site 

,  efll-ct  of  wtttwiing.  SSC-SaS 

.  leafleta  closed  dnring  the  d  ly, 

413 
Fortulaca  ol^acsa,   effect  of  ^ci- 

dinni  on,  189 
Primula  Sineitgig,  oanjiiint  circum- 

iiiitiitioi!  of  hyjiooolyl  and  ooly- 

Icd-m,  45,  4'i 
Prin*^lit.iia  on  the  inj  ary  to  ohloro- 

l<hy[l.44'i 
Prouipia,  iivotUropic  movemeiiU  of 

K^detH,  374 
Paonilea  acaulU^  norturnal  move- 
ments of  h-atietfl.  SM     ' 
Pterit  a'luiliiia,  Tachis  fif.  86 
Pulviiii,  or   jdiritis;    of  otyludona, 

112-122:    inlluvnoe    of;  on    the 

movements  of  cot.vlodoas,   Slit; 

effot-tcn  iiyi-titropic  movomoDts, 

b:hi 


Qtiercat  {A moiiwkn  Bp.)t  oireuninn- 
tatioii  uf  yiiting  Mt^nu,  iii,  bi 

rnlfur,  moveinoiit  of  raUiclfs, 

54,  SS 

,    Knsitivciicsa    of    apex    ol 

ndic'lo,  174- 17G 
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QCKUCDB. 

Qttercu*  rnVnu,  manner  of  gennina- 
Uon,  85,  557 


B. 

Railiation   at  night,  tiffei't  of,  on 

!■  ttves,  284-2S6 

Riuliolee^  manner  in  whicli  tliej 
pCDt-trite  the  ground.  Gy-77 :  oir- 
ciimnutation  of,  GS  ;  exiierimcDia 
with  aplit  atk-)<B.  74 :  with 
■wojcleo  pincers,  75;  sensiltTenena 
of  ftiit'X  to  ot'Otairt  and  ofher  irri- 
tants, ]2»;  of  Vida /aba,  132- 
15S;  variou»  tiiH-riuiciita,  135- 
HO;  summitry  of  recnillB.  H3-I5I: 
power  of  au  irrliuiit  on,  einii- 
pnrcd  with  geotropLim,  151-154; 
ixinaitirciiesa  of  ti|>  i(>  niuiat 
air,  180:  with  ^rea^t^d  lips, 
185;  cflTect  ofkillinf^  or  injuring 
liiu  primary  radicle,  187-11*  I  ; 
curvature  of,  193;  atfeck-d  by 
moisture,  108;  lipjUune  sendUvo 
t(>  gbiHroplBm,  54'J;  piotruainm 
oiiij  uLruumDiitation  in  a  Kt-ituiuu- 
tiiig  HL-fd,  54S ;  tip  higlily  Hcti- 
aitive,  5o0 ;  the  tip  nctu  likt>  tlie 
hmi  II  of  uno  of  the  lowur  utimals, 
673 

~^—,  eecondnry,  SL-nBitivfeness  of 
the  tips  in  the  b>L-an,  1 5  ( :  becomo 
vertically  geolropic,  186-191 

Ramey  on  iiiv  movemenis  of  tlio 
cotvk^ions  (if  Mimnta  fiwiiea, 
ami  CtianfJius  Dampieri  nt  nJf^liC, 
a97 

Eantirtculua  Fiearia,  tniHle  of 
bn-nUl]ig  Uimugh  tbo  gr"Und, 
Sti.iM) 

,  tjajjle  cotykdon,  90 

,  effvct  of  Inti-ml  liKlkl,  484 

U'fjihamtM  fatinii,  h  nHitiieuLKd  of 
fipex  of  ra-ii^  le,  171 

- — ,  sltep  ol'cityleiiona,  301 

Kiiltim,  Air.,  on  t'iie  gi  riuiintlioa  of 
die  soods  of  Mtfjarrtiua  Cati/or- 
uira,  82 

Bc-latioM  betweeu  cinmrniiututiuo 
and  btiliotropiMm,  4S5 


BAcna 

Retedti  otforiifo,  bypoeotyl  of  seed* 
ling  uli^'htly  heJiotropio,  454 

RoTerali.n,  duo  to  mutilution,  TJI) 

Bkip^iltM  catJiyihn,  radiuumtkry  a> 
tyk-dotia.  y7 

KietHHS  BortmuicntiM,  eiroumnu lo- 
tion of  an-hed  hypoootyl,  53 

ffoAitua,  effect  of  briglkt  BUDshine 
on  it«  lenvuN,  445 

pMudo-ocaaia,  leafii^ts  vortival 

at  night,  355 

Kodi^r.  M..  on  the  tuovementn  of 
Ceriit"plnjUum  deiurr»um,  211 

Royer,  Cli.,on  ihe  sle«'p-movemfn(B 
of  plant'*,  281,  n. :  on  the  8lei<p  of 
haves,  318  ;  the  luaves  of  Jtfedi- 
eago  maoulata,  345 ;  on  Wutaria 
Sinetuis,  354 

Itttbtu  iduite  (tiyhriil)  ciruamnuLa- 
tion  of  Avm,  205 

,   a[K>gfotropiij    movement    of 

stem,  498 

Ruiz  aod  Pavon,  on  Porlicria  hjf- 
grumetrira,  33tj 


8. 


Saors  on  "  rovoWing  nntatfnn,"  ! ; 
intimato  connection  bctwien  tur- 
geaeeneo  and  growth,  2,  a. :  ooty« 
iLdoii  of  tbo  onion,  50 ;  a*iapia< 
tion  of  nx>L-luiin9,  00  ;  the  luuve- 
mt-nt  of  the  radicle,  70,  T2,  73; 
niovcmcnt  in  ttio  liypoontyla  of 
the  b(-an,  i^ ,  91  ;  tHin.iitivoncai 
of  riidicle^.  131,  145,  198:  aentii. 
tlvcnosa  of  tb«  primary  radicle 
in  the  Lean.  155;  in  ihe  l-oiu- 
aion  pen,  156 ;  cflV.-ct  of  luui^t 
air.  180;  of  killing  or  injuring 
the  pritnury  nidioK',  186,  187: 
cirttuDinutiiirm  of  flower-stttiiix, 
225;  fpituitily,  2^:  luoVtinienu 
of  lOfldcts  of  Tri/olium  iacar- 
trntuin.  350;  action  of  li>;ht  in 
mo'lifying  the  pcrioitio  moTt- 
moiiM  of  h-avea,  418 ;  on  geotro- 
piam  and  ht^lintrnpijim,  4lUi,  n  ■ 
on      TrupniAum      mnj'vf,      AM 
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^^h                              BARRAOBMIA. 

STAPSLU.                                    ^^^1 

^^^           era  iie  hmwrttyls  mlighlly  Iie)io- 
trupif,  ana  Btenis  slmn^ly  nphe- 

Siuapis  rjf>jni,  sleep  of  cotyledons,          ^\ 

Ml 

liHitropio    of    tlio    ivy,    i^^^;    Ite- 

Smihix    tiepcra^    tundrils    aphclio- 

liotnipittni  of  radlolea,  4S2 :  bx- 

troiilo,  45J 
Smithia    P/uviUI,     noii  -  HciiiiUivt' 

perimeiita    on    tips    of  ra-Ui-'Ies 

of  beuu.  523,  524 ;   oiirvnturp   of 

cotyledons,  127 

tlio  hypocotyl,  555  ;  rcsemlilaiioo 

,  Lyrtoniistic  movemunl  of  tlip 

Dun'od  Hinnniit  of  tito  glRin.  274- 

bctwcou    plunU     uiul     tiiiiiuaUs 

571 

fi7d 

Sarraoeniti   purpuriuj.   cir<-ii  mi  nida- 

 ,   ootyleduus    not    Mlocplng    ut 

tion  of  young  iiitchor,  227 

nij,'Iit,  aOH 

8axifr<nia       sarmtutum,       oironra- 

— ~t  reitloal  moveiuent  of  leavo6. 

nutntiun  of  an  inolmcd  stolou, 

856 

218 

MiwiftVa,  M^nailivenraaofooty- 

SrhranMa      ar.ulcata,     nyotitrupifl 

ledniis  Co  cnntHL-t,  12<! 

mnvemotit    nf   tlm    pinnir,    ^-181, 

,  nit-ell  of  c'tvl'dnfis.  :ifl8 

Sophora  euTysDphijUa  ]ciitlct5  ri^ont 

403 

wfcinata,   nyctitropic    mnve- 

iii;.'hr.  XS 

uionta  of  leaflets.  381 

.S'oriiiiHni    rfu/caimtru,    circiuuuula- 

S^curigera     coronUh.      n«>Pturnal 

Ung  t^toQii',  2G(> 

m«V(;ii»-nta  of  lenfleta,  1152 

lytmpKrsicitmi    inovem*jiit    of 

Beed-capaules,  IiurvinK  of,  513 

liy[>nctityl.  i'lO                                       ^^^H 

Bt*d-ioa(8.  ruptim-  of.  Il)2-10i> 

,  of  onlyU'duns.  50                                 ^^^H 

SLt-dUng     phiiiiD.    oirc-umnutatiiig 

,  efleot  of  darkncHS,  124                    ^^^H 

movemciiTri  of.  10 

,  rU*ing  of  cotyledons  at  nfgbt 

Sdagiiiellti,  cirrrumuiitnHon  of.  2^S 

30G 

• J(raHMii{'f\  cireumnutfltinn  of 

— ,    hellnlropio    movcmcutj    ol 

yoting  plant,  GG 

hypocotyl,  421 

Sidti  napan,  iluprobsion  of  leaves  ut 

— — ,  effect  of  an  iritcnuittorit  light. 

f                     uiKhl,  »22 

457 

1               -^^^  iio  pulvinuH,  322 

,  iRplil  lioliolropiBm,  4G1 

-        reiuwx,  vt'rtiwil  ruriiigof  IrnviM, 

■ puiinacanOimn,     fircumnii- 

322 

bitioii   of  arohed    liypocityl,  51, 

rRflm6'/oiitt,al6epofootyJe<ioii», 

100 

308 

,  of  cx>ty!o'Ion,  51 

,  aluep  of  leavt-B,  S14 

,  elll|»uea  doeoiibcd    by   hypo- 

 ,  vertical  rising  of  lenves,  322 

cotyl  when  erect,  107 

,  Dii  puWioun,  322 

,  nocturnal  tnonmeut  of  ooty- 

.   cin'umnntaHoii     am!    nycti- 

lodmig,  306 

trt)pit*  iinivi-jiioiiU  uf  liiaf  ofyouinj 

Sparganium  ramosum,  rhueomes  of, 

phmt,  822 

18U 

- — ,     nyctitropic      lUMvement      of 

Sphmrophtf/fa     aalaola,     rising     ol 

leaves,  397 

leallets,  355 

Siegeebeckia    orifntalii,    ahrp    of 

Spiroqyra  prmcspg^  movemt-nts  of, 

lenvi's,  ;J19,  384 

259,  u. 

tiin^xftis  nlha,  l.yi>ocotvl  bundinj^  tr- 

Stnlil.  Dr.,  on   the  pffoct  of  .ICci. 

t\ai-d3  tlic  Uiflit,  4(51 

diuui  ou  tthtMil,  1811 :  ou  Iho  in- 

— — ,  Irauemuittil  elTtct  of  liirlit  on 

fluijnoe  of  light  on  anartu-ttporets. 

nidiolefl,  482.  488,  567 

488,  n. 

,             ,  RTcwtli  uf  nidicloB  in  dark- 

Stapelia  tarpedon.  oircwunututJOU 
of  faypoootyl,  40,  47                              ^^H 

^^^          lii-iia ,  486 

^H            090                                                 INDEX.                                                         ^^H 

^^^^^B                       btapslu. 

T»inociL                   ^^H 

^^^^^    StapeUa    aarpwZoii,    minate    ooty- 

7Vi/oIiMm  jjrateuMe^  lenves  exposed 

^^M              ledDD«,&7 

at  uight.  2\iii 

^^H           BteUaria   media^  Doctnriiftl    move- 

r«p«nt,    oircumnutatiou     t  f 

^^H                mi;nt  or  leavt-g,  297 

flower-flttm,  2^6 

^^H            SU-iuf,  vircumnutution  or,  201-214 

,  oiriumimtatin^aiid  eptnaMto 

^^H            Stulonn,   or  Riinnen,  circumnnta- 

moTOticnls  of  fiowt'r>htein,  276- 

^H                  ttoD  of.  214-222,  55^ 

279 

^^H            Btrnsbn't'er,  nn  the  t-fflTtnf  liglit 

,      nyctitmpio    movement     of 

^^H                unsporesol'  HKinntMion^-liiS, n.  ; 

leavL's,  :^4u 

^^H               Ibc    inducDce    of  light  on  tUe 

,    circiiniDutatioa    hud    nyt-ti- 

^^H                Bwariii'SjioreB,  488 

tropio   Tiiovem<nts   of    terminal 

^^H           Btrawl>erry.  btoloite  or  tho,  circum- 

leaflets.  352,  »d3 

^^^H                 niitiit-,  Wut  not  nfTected  )>7  roodu- 

^,  sleep  movements,  349 

^^m                  mtit  U>;ht,  451 

regupitialum,    no    pnlHoi    to 

^^H              Str^phium  fiorO'tintlum,  oiraumuu- 

colyledoim,  116 

^^^1                tiition  ami  uyuiitmpic  luaveuieDt 

,  cirrunirmtiilion  of  Btcro.  204 

^^^^         of  leaves,  391,  392 

,  effect  of  exposure  at  niLjht, 

2J)5 

,    cotylcdom    not    lising    at 

^^^^^^H 

niglit,  118,309 

^^^V 

,    cireumtn-ituUon    and    nycti- 

troptc    iiiovtijnents    uf     lerminiU 

leuileta,  S.*)!,  ft52 

^^H             Tamarirtdua     Tndiea.     nyctitro|iic 

tiriclum,  rnovememta  of  only- 

^^H                 DQOTenient  of  lenflftF,  :174 

kdoDKnt  iiivht,  11(!,  118 

^^H             rransverss]  -  lK'linti'i>pi>niUfl      (of 

-f  ntwtumai  and  dturiinl  move- 

^^H                 Frauk)  or  dinlieliotropUin,  43B 

mcuta   of  ootyledoua,    iH>»-»U, 

^^H             TVrrnt  luitana,  uiioqiiftl  DotyledouB, 

313 

,  movem<;nt  of  Ihe  lert-caQd 

^^H               Tanama    radicana,    Atc-uiA    apheltu- 

ootyledoQ.  3lt» 

^^H 

euhtemtneum,     inoT^tneiit     o( 

^^H             Tt^lirogia  tyirihxa,  351 

iluwor-headcs  71 

^^^1              rciminulogv,  5 

,  of  cotyledona  at  nigbt,  216, 

^^H             'nialia   dmlbaioy   sleep  of   leaves. 

1 18.  30tf 

^H 

.  oircomnutation  of  flower-sfcem, 

^^H            .^^.  latcTul  movoment  of  leaves. 

2,i4.  225 

^H                   404 

,  Lireuuinuliitioa    and    nytU- 

^^H              Trichoga}Uh*e  anrfi4ina,  fiction  of  tho 

tropin  iimveuiL-iiU!  uf  Ittives,  S50 

^^^1                 pognn  the  TfKlic^  104 

.  iiuiiibi-r    of    ellipeea    in    24 

^^H             .  nncturnn.1  )]iav4.'inenl  of  uoty- 

hours,  405 

^^M                  }tdnn», 

— ,  hiuyiug  its  flt.wer  he.ids,  filS, 

^^1             Tri/fAiajn,  position  of  tL-rminal  leaf- 

514 

^^H                 icta  nt  iiigLtt,  282 

,  downwnrd  moveincnt  of  pe- 

^^H             —  globomtTij  v/ilh  hairs  protoctiug 

iluttoie.  S15 

^^H                 iho  »«L'd-bciinn^  flovrera,  .*>)7 

.  rircumnutnting  movetnont  ol 

^^H             glnmrratum,    inovitiicut    of 

pL'dunc'Ie,  fyltt 

^^H                 crttylednns,  :i(i9 

TrifjoneUa  CreikOj  sleep  of  lenves, 

^^H               • tnmniiT/Hni,     movc-iUBiit     of 

345 

^^H                 ootylctluii^.  iiOi) 

TriiieHtn       repent,       tindcrgn>unJ 

^^^^               — -    I'annotiicam,   sluipo  of    firs' 

sliouta  (if,  beouiue  npng<_<utr>  >pl^ 

^H                 fcrueluii;  3,'>0, -ilS 

180 

DfOESL 


5di 


TRITIODU. 

Tntirum  ttdg'ire,   seiisitlvenesa   of 

tips  of  mtiicle  t»)  Tiioist  air,  184 
7V()p«ro?((m  majuf?),  sensiiivenc-SB 

of  apex  of  niiliclu  to  cK}iitm.'t,  I(i7 

■,  cmMiii  I  nutation  or  sttiu.  2(H 

— — -,  influenoe  of  illuuiiialiou  on 

iiyetUrojjio  movBiuwita,  «SH-340, 

844 
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